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Abstract 
The main aim of the project is to investigate the feasibility of artificial 
recharge of the Bushmans River Mouth Aquifer in the Eastern Cape. The 
suggested method of recharge is through natural infiltration through a series 
of wetlands in the back dune area. The proposed site was the Klipfontein 
Vlei which is located just north of the Bushmans River Mouth. Artificial 
recharge is defined as augmenting the natural movement of surface water 
into underground formations by some method of construction, the spreading 
of water, or by artificially changing natural conditions. A variety of methods 
have been developed, including water spreading, recharging through pits 
and wells, and pumping to induce recharge from surface water bodies. The 
choice of a specific method is controlled by local topography, geology and 
soil conditions, and the quantity of water to be recharged and ultimate water 
usage. In special circumstances, land value, water quality, and climate play 
an important role. Artificial recharge is not a foreign concept to South Africa 
and this project is to test its feasibility in a back dune wetland area. 
Augering done in the study area revealed the dominance of sandy loam in 
the upper layers of the pans, loamy sand in the middle levels and the 
presence of some sand lenses in the lower reaches. Particle size analysis 
done by sieving and hydrometer test, showed a dominant 3φ fraction. There 
was variation in modes in pan 1 from unimodal to bimodal to trimodal. Pan 2 
showed no variation as all samples were unimodal and moderately well 
sorted. Infiltration tests were done by a double ring infiltrometer. These 
results showed that the infiltration rates of the pans became stable after 15 
to 20 minutes, thus indicating that the soil had reached its saturation point. 
The resistivity surveys revealed a stepped water table. The inclination of the 
water is controlled by the predominately argillaceous horizons of the 
Bokkeveld Group. Based on the above results, it is recommended that the 
Klipfontein Vlei be used as an artificial recharge site.  
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Chapter 1: Introduction 
1. Introduction 
Fresh water is one of the most precious resources, a commodity whose cost has 
risen over time. Much of the worlds freshwater is contained as groundwater. 
Water supply from the traditional groundwater resources, is however, proving to be 
inadequate, and new sources must now be identified. One of the possible 
alternatives is the use of artificial recharge to supplement ground water supply. 
The coastal resorts of Bushmans River Mouth and surrounding areas in the Eastern 
Cape are faced with an inadequate water supply, especially during the holiday 
periods when the water usage is at its peak. The demand for housing has 
continued to increase and considerable expansion is planned for the area, which 
will eventually lead to greater water demand from local communities. Increased 
eco-tourism in the area will place the available supply under further pressure.   
At present there are two water sources, namely; the desalination plant (which 
yields high quality water at a cost of R3.50/m3) and groundwater from boreholes, 
wells or springs. Groundwater has been located at 15km inland from the coast and 
there is a possible option to pipe this water to the municipal network. Many of the 
resorts located in this area rely on groundwater for drinking water. With the 
increasing development there will be greater pressure on this water supply, which 
may eventually dry up.  
The aim of this project is to examine the feasibility of artificial recharge to 
supplement the water supply in the Bushmans River Mouth area. 
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1.1 General historic background of water shortage problem in 
Bushmans River Mouth  
The Albany Coastal Water Board (ACWB), is responsible for supplying water to 
the coastal towns of Bushman’s River Mouth, Kenton-on-Sea, Harmony Park, 
Ekuphumleni, Marcelle and some small holdings and farms Figure 4.1  
Groundwater in this area has historically been abstracted from shallow 
boreholes that are situated in the dunefield that are located close to the 
mouth of the Bushmans River. In 1983, the local municipality and the Albany 
Coastal Water Board (ACWB) were abstracting 104 000m3/annum from five 
boreholes for the Bushmans/Kenton bulk supply (Mouton, 2004).  
Ten years later, the demand had doubled to 202 726 m3/annum. In 1984, 
Department of Water Affairs and Forestry (DWAF) were commissioned to 
conduct a detailed hydrogeological investigation, due to the water shortage 
problems faced at that time. This investigation concluded that the 
groundwater was of low yield and poor quality. It was at this time that DWAF 
investigated, and subsequently identified the area behind Diaz Cross rock 
headland as a production well field for the greater Bushmans and Kenton-on-
Sea communities. The present situation in Bushman’s River Mouth, shows that 
the Diaz Cross well field is not coping with the added pumping stress. Further, 
with over abstraction this well field could also follow the same fate of the 
decommissioned Bushmans well field. Also, this well field cannot undergo 
further expansion, as it is on SANParks property and they have stated that 
they will not allow any further drilling. Artificial recharge therefore may be the 
answer to augment the water supply, and relieve some of the stress placed 
on the Diaz Cross well field.  
Artificial recharge is defined as augmenting the natural movement of surface 
water into underground formations by some method of construction, the 
spreading of water, or by artificially changing natural conditions. A variety of 
methods have been developed, including water spreading, recharging through 
pits and wells, and pumping to induce recharge from surface water bodies. 
The choice of a specific method is controlled by local topography, geology and 
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soil conditions, the quantity of water to be recharged, and the ultimate water 
usage. In special circumstances, land value, water quality, and climate plays 
an important role (Todd & Mays, 2005).   
Artificial recharge (AR) to South African aquifers is not a new concept. 
Throughout the country there are small earth dams, which farmers have built 
to augment their borehole supplies. The one successful recharge scheme 
revealed the effectiveness of artificial recharge on the primary aquifer dune 
sands, at the town of Atlantis in the South Western Cape. This AR scheme has 
been in operation for over 20 years (Murray & Tredoux 1998).  
1.2 Suggested artificial recharge scheme 
The Klipfontein Vlei, located in Bushmans River Mouth was suggested by 
DWAF as a possible AR site, the overall aim of this project is to examine the 
feasibility of this site. In order to accomplish this, the following had to be 
investigated:  
• Investigation of the aquifer and quantification of the properties of the 
aquifer, by reviewing previous hydrogeological work undertaken in 
the area.  
• Designing an appropriate recharge protocol including rate of 
application of recharge water, infiltration rates, permeability and 
capacity of the aquifer,  
• Estimates of losses through possibly lateral flow, and other factors.  
• Assessing the presence of Bokkeveld sediments and possible lenses 
of saline material as sources that could contaminate the recharge 
water.  
• Properties of the recharge zone were also examined, including the 
investigation of a less permeable crust and whether removal  of this 
crust would be necessary to encourage infiltration.  
• The depth of the coastal aquifer and the distance to the marine 
interface needed to be examined.  
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Chapter 2: Water Scheme (Albany 
Coastal Water Board) 
2. Background 
This chapter examines both the historic water supply and the present water 
supply to the growing community of Bushmans River Mouth and Kenton-on-
Sea.  
2.1 Historic water scheme 
The towns of Kenton-on-Sea and Bushmans River Mouth were largely 
dependent on rain water for domestic water supply prior to the installation 
of well points in 1979.  The Albany Coastal Water Board (ACWB) has been 
supplying bulk water to the greater Kenton-on-Sea/Bushmans River Mouth 
(KOS/BRM) since 1982, a time when the annual requirements were only 
104 000m3. This supply was then drawn from the Bushmans River Mouth 
aquifer, which since has become obsolete owing to increased salinisation. 
Subsequent expansions to the water supply included the commissioning of 
the Diaz Cross coastal aquifer in 1990 (Figure 2.1). Owing to the increasing 
shortage of water in the Bushmans River Mouth area, there was a  
commissioning of three Reverse Osmosis (RO) plants in 1998, 2000, and 
2002 respectively (Mouton, 2005). The 432 200m3 supplied in 2001 was 
insufficient to meet the needs of the community.  
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Figure 2.1: Locality map of water sources (3326DA & DC Topographical Map of 
Bushmans River  Mouth, 1:50000) 
2.1.1 Bushmans River Mouth well field  
At the time when the ACWB was established, water was abstracted from wells 
situated in the sand dunes near the mouth of Bushmans River (Mouton, 2002). 
In 1983, the BRM Municipality and the ACWB were abstracting 104 000m3/annum 
from 5 wells for the bulk water supply of the Kenton-on-Sea/Bushmans River 
Mouth area. On average these wells yielded 3L/s. Years later, demand had 
essentially doubled to 202 726 m3/annum.  
In 1986, it was observed that the water table was depressed and that  the yields 
and water quality had deteriorated significantly. The direct recharge from the 
aquifer beneath the Klipfontein Vlei in the back dune area, resulted in brack water 
migrating down the hydraulic gradient to degrade the water quality over time. With 
this the Bushmans River well field was decommissioned in 1990 in favour of the 
then newly commissioned Diaz Cross well field.  
N 
Study 
area 
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2.2 Present water supply 
The present water supply of Bushmans River Mouth is from the Diaz Cross 
well field and the Reverse Osmosis Plant (Figure 2.1) 
2.2.1 Diaz Cross well field   
Sixty percent of the bulk supply is drawn from 8 wells in the Diaz Cross 
coastal aquifer. This well field is currently producing at a rate of 19L/s over a 
12-hour pump cycle; 821 m3/day (Mouton, 2004). Fresh groundwater from 
the Diaz aquifer is pumped via a 9km pipeline to the 4ML storage facility at 
Ekuphumleni (north of Kenton-on-Sea).  
The main aquifer horizon is an approximately 2.6m thick shelly conglomerate, 
bounded by dune sands above and the Bokkeveld shales below.  
Locally the aquifer has been stressed for the past two years and an associated 
decrease in water quality is evident.  
In 2002, the well field underwent some emergency expansion to increase the 
rate of water extraction, in order to give added flexibility in meeting peak 
demands. This groundwater source at Diaz Cross is vulnerable, as it depends 
on rainfall for recharge and over-pumping during times of drought, and 
summer peak demand periods over December and January, may result in 
saltwater intrusion. No additional water can come from this source as DWAF 
have now limited the sustainable yield at 300 000m3/annum (Mouton, 2005).  
2.2.2 Reverse Osmosis Plant  
The remaining forty percent of the bulk supply is produced in the three RO 
plants. Theoretically, each RO plant is capable of producing approximately 
22m3 of fresh water per hour. Owing to the high cost of ESKOM electricity in 
the process, the RO plants make use of lower (night) tariffs and operate 
around 16 hours a day. Under normal circumstances, their electricity bill is 
around R20 000 per month but then it may reach R50 000 during peak 
demand. It is for this reason than the RO plants seldom operate in tandem 
but rather on a rotational or staggered basis.  
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Seawater is abstracted from nine wells, which are located adjacent to the 
Bushmans River mouth. These wells produce 100m3/hour of raw input for the 
RO process. There is an inadequate supply of seawater to the RO process due 
to the severe draw-down in the supply wells. This results in frequent pumping 
stoppages and the interruption of the production of fresh water. From this it is 
clear that the RO plants require an alternative dedicated inlet pipe, drawing 
marine water from Bushmans River. This will then ensure a reliable source of 
marine water during times of peak demand. The oldest RO plant (RO1) is 
non-operational as it was shut down in 2002 owing to corrosion and of 
operating the plant at the high pressures (60 bar). The newest RO plant 
(RO3) is operating at half capacity as only 3 of the 6 vessels have been 
installed.   
The RO plants contribute 40% towards ACWB’s total annual production. 
Under ideal conditions the RO plants are able to double their average 
production and thus contribute 60% of the total production (Table 2.1). At 
present the ACWB are working closely with the manufacturers of the RO 
plants to upgrade their facilities in order to achieve optimum production.  
Table 2.1: Table showing optimum production (Mouton, 2002) 
2 x RO Plants 
(2001) 
m3/ 
annum m3/month m3/day m3/hr 
L/s  
@ 24 hr 
L/s @ 
16 hr 
30% of Total 
production 127 020 10 585 348 14.5 4.0 6.0 
60% of Total 
Production (Rec) 254 040 21 170 696 29.0 8.1 12.1 
The discrepancy between the theoretical and the actual RO production can be 
attributed to the high cost of ESKOM power when operating the plants 
simultaneously over a prolonged period of time (Mouton, 2002).  
Mouton, (2002) observed that there are other reasons which may have an 
effect on the lower than expected contribution of RO water: 
• Poor quality of input mix thereby reducing efficiencies 
• Down time due to mechanical and/or electrical problems 
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• The high maintenance of pumps due to aggressiveness of sea water 
and the abrasiveness of sea sand 
• The deterioration of the RO plant’s water chemistry, suggests possible 
membrane problems.  
Doubling the current RO production would have the plants operating 
comfortably and producing less than half of their theoretical maximum 
volumes.  
A third expansion of the RO plant is currently being implemented to boost 
production from this source by an additional 430m3/day, equivalent to 
18m3/hour. This additional water will target exclusively the growing 
Klipfontein community (Figure 4.1), where 225 erven were recently given full 
services.  
2.2.3 Combined production  
The Diaz well field and the RO plants contribute 60% and 40% respectively to 
the ACWB’s total production. This information is summarised in the Table 2.2.  
Table 2.2: Combined Production of the various water sources (Mouton, 2002) 
ACWB 
production 
Diaz Well Field 
(m/annum) 
2 x RO Plants (m 
/annum) 
Total Production 
(m/annum) 
Current (2001) 305 180 127 020 432 200 
 
The hybrid mix of water from both sources is sold from the ACWB to the 
Kenton-on-Sea and Bushmans River Mouth Administrative Units for R2.76/m3.  
2.2.4 Calculation of shortfall  
In 2001, the ACWB was supplying the following volumes of water from two 
primary sources; i.e. the Diaz Cross well field and the RO plants (Table 2.3).  
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Table 2.3: Volume of water produced by ACWB (Mouton, 2002) 
Source 2001 Production (m3/day) Remarks 
Diaz well field 822 
Current abstraction 
(2001) 
RO Plant 348 
Current abstraction 
(2001) 
TOTAL 1170   
     
Daily Average 1200   
Daily Shortfall -30   
     
40 Day- Peak Average 1700   
Peak Short Fall -530   
     
7 Day- Absolute Peak 2400   
Absolute Peak Short Fall  -1230   
 
As stated before, the Diaz well field is currently being stressed in an attempt 
to meet the demands of the growing community. In the interests of 
sustainable abstraction an attempt must be made to increase RO production 
above its current levels. This would relieve the intense pressure around the 
current abstraction points within the Diaz well field. Recommended production 
from the two sources are indicated in the Table 2.4. 
Table 2.4: Recommended volume of water supplied by ACWB (Mouton, 2002) 
Source 
Recommended Production 
(m3/day) Remarks  
Diaz well field 712 
Safe yield from current well 
field  
RO Plant 696 Double abstraction (2001) 
TOTAL 1408   
     
Daily Average 1200   
Daily Surplus 208 Daily shortfall eliminated  
     
40 Day- Peak Average 1700   
Peak Short Fall -292   
     
7 Day- Absolute Peak 2400   
Absolute Peak Short Fall  -992   
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2.3 Previous hydrogeological work in the vicinity of the study 
area 
Reports done on the study area, will be reviewed chronologically.  
The first hydrogeological reports of the area were produced by the 
Department of Water Affairs and Forestry (DWAF), and date back to 1983. 
A hydrogeological evaluation from Bushmans River Mouth to Cape Padrone 
was carried out by Jolly, 1983. The main objective of the study was to 
determine the availability of groundwater supplies in the area. The specific 
aims were; 
• To identify and delineate the different aquifers present 
• To determine the hydraulic and hydrochemical properties of 
these aquifers 
• To assess the groundwater resource potential in terms of 
exploitable yield and water quality.  
This was because in the study area, the provision of adequate supplies from 
surface water was limited because of the following; 
• The rivers are high in total dissolved salts (Boknes River) and often 
tidal (Bushmans and Kariega River). 
• The dam storage is hampered by rapid infiltration rates in the 
unconsolidated and consolidated sands which comprise the surface 
cover over much of the area.  
• The dam storage above the tidal range is impractical because of the 
low total flow.  
Jolly (1983), used various methods of investigation, namely; mapping, 
geophysical surveys, drilling and excavation, aquifer tests, and a 
hydrochemical survey. 
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The resistivity survey revealed that under shallow groundwater level 
conditions (less than 10m) it appeared to be possible to distinguish between 
saturated and dry sands, with the saturated sands having low resistivities.  
In some areas calcrete horizons had developed due to evaporation (Jolly, 
1983). These horizons have resistivities ranging from 900 to 1000 ohm.m. He 
observed that in most soundings other than where calcrete caps the surface, 
the surface horizon is comprised of a sandy soil with characteristic resistivities 
in the range of 57-500 ohm.m, depending on the moisture content.  
The basement rock (Bokkeveld shales) were characterised by low resistivities, 
with a mean of 40 ohm.m and ranged from 6-50 ohm.m. 
He had drilled three boreholes in the Klipfontein Vlei, within 100m of pans 
which were flooded at the time because of heavy rains. Water levels in the 
boreholes showed a decline with distance away from the pans, indicating that 
the pans are a source of groundwater recharge. Jolly (1983), concluded that 
the zone of recharge is limited to within approximately 300m of the pan itself. 
At distances greater than 300m the water level would drop to the 
sand/Bokkeveld contact and the sands would not be saturated. During the 
study the pans dried up, causing an associated lowering of the water levels.  
Mobile dune excavation results show that the aquifer at Albany Coastal Water 
Board Well Fields consisted of a combination of dune rock, nodular calcareous 
sands and sand containing dune rock fragments.  
Jolly (1983), mentioned four main aquifers, viz; 
1. Weathered sections of the Bokkeveld sandstone basement 
2. A zone containing weathered basement shales and the Alexandria 
pebble bed horizon 
3. The semi- and unconsolidated sands in those areas where flooding 
has occurred. The existence of these aquifers is periodic, being 
closely related to high periods of rainfall.  
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4. The deposit of the mobile dune belt. These deposits are recharged by 
direct precipitation onto the dune belt and through groundwater flow 
along the more permeable zones in the seaward sloping basement.  
Two blind valley sand aquifers exist; one at Klipfontein and the other at 
Richmond, this pan is found further south west, along the coast from the 
Klipfontein Vlei Figure 4.1. The concentrated infiltration in these two areas 
results in a zone of groundwater forming below the pan and decreasing in 
extent with distance away from the source of infiltration. By drilling at 
Klipfontein, the extent of influence of the pans was found to be over 300m. 
Jolly (1983), assumed a 2% specific yield and that the volume of groundwater 
which could be extracted is only 3 259m3. With limited reserves and the poor 
quality of the groundwater, the blind valley sands were unsuitable for urban 
supply. The water balance for the system is as follows: 
 Inflow from the 600m long blind valley pan at Klipfontein 
    WTiQ =  
   =600m x 50m3/day x 1/67 
   =447 m3/day  
 Where Q = discharge 
  T = transmissivity 
  I = hydraulic gradient   
The hydrochemical analysis revealed that the TDS (Total Dissolved Solids) of 
the groundwater in the blind valley Klipfontein aquifer, Klipfontein, was fairly 
high, varying from 2539 mg/L to 2400mg/L. The TDS of the rivers feeding the 
pan, in the blind valleys, matches that of the groundwater. The TDS of the 
surface water is 2 400mg/L.  
The groundwater occurring in the dune belt seaward of the blind valleys has a 
lower TDS content than the blind valley sand aquifer. Jolly (1983) attributed 
this to the dilution of blind valley sand aquifer groundwater by the 
groundwater contained in the mobile dune belt. The groundwater was 
recharged mostly by the precipitation directly on the dune belt. Within the 
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dune belt itself variations in conductivity existed between groundwater 
obtained from different formations.  
During 1984, Reynders conducted a hydrogeological investigation of the 
coastal sand aquifer between Bushmans River Mouth and Boknes. His aims 
were:  
• Determine the thickness, extent and water bearing properties of the 
aquifers,  
• To determine their potential as water resources and, 
• Determine the optimum extraction method.  
His methods of investigation included percussion drilling, geophysical aquifer 
tests and groundwater chemistry. 
His objectives were to; 
• Identify the main water bearing formations  
• Accurately determine the slope of the Bokkeveld basement rocks in 
order to assess its control over groundwater movement 
• Accurately determine the seaward gradient of the groundwater table 
• Provide access to the aquifers in order to undertake aquifer tests 
Using a cable tool percussion rig, drilling was conducted in the vicinity of the 
Albany Coastal Water Board well fields, perpendicular to the coastline, from 
the fixed dune to the sea. Thirteen boreholes were drilled in this area. The 
geological profile comprised of approximately 2m of dune sand overlying 
unconsolidated to semi-consolidated coarse beach deposits, followed by 
calcareous sandstones and basal conglomerate. A thin layer of black clay 
separates the basal conglomerate from the Bokkeveld shale. Although water 
was encountered at 2m below the surface within the beach sand, the largest 
yields were encountered in the final 2 metres of calcareous sandstone/coarse 
semi-consolidated beach sand and conglomerate. The lower transmissive zone 
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acts as the conduit for the upper 4 metre storage zone. The slope of the 
Bokkeveld shale erosion surface varied between 1 ̊ and 4.8 ̊.  
Electrical resistivity soundings revealed a step-like feature of the remnant 
Bushmans River channel.  
This study further discovered that after careful levelling of all boreholes, the 
groundwater gradients vary considerably from fixed dune to the sea at 
Bushmans River Mouth. A gradient of 1:161 is found in the vicinity of the 
fixed dune, while a gradient of 1:2027 is found in the vicinity of the sea at 
Bushmans River Mouth.  
The variation in water quality from fixed dunes to the sea was due to three 
phenomena; 
1. The water quality of boreholes near the fixed dune is influenced by 
seepage from the back dune aquifers where the TDS of the water 
was 8 000mg/L 
2. The clay layers encountered in these holes add a saline character to 
the ground water 
3. The temporary pans in the central and southern portions of the study 
area form an ideal recharge area, which means that precipitation is 
concentrated in these areas. This then leads to direct replenishment 
of the aquifers.  
The constancy in the water levels measured at Bushmans River Mouth during 
Reynders’s (1984) study period, revealed that recharge from the Klipfontein 
Vlei was occurring. With the drop in water level in the boreholes, drilled in the 
vlei, it was indicative of a loss of water from this back dune aquifer. He 
assumed that water loss in 1983 was compensated for by recharge from 
Klipfontein Vlei. A T (transmissivity) value of 36m2/day was then calculated 
for the unconsolidated sand aquifer below the vlei. This T value is consistent 
with values for medium grained sands. The volume of water stored in the 
back dune sand aquifer was calculated as follows: 
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Aquifer width x length x saturated thickness x porosity 
= 800m x 1000m x 4m x 12/100 
= 384 000m3 
Indications were that water quality would deteriorate if recharge from 
Klipfontein Vlei is encouraged by over extraction.  
Reynders (1984), concluded that the aquifer in the dune belt consists of an 
upper storage zone and a lower conduit zone. This aquifer system is not 
laterally extensive along the entire coastline. Clay lenses which limit recharge 
and give a high TDS content to the groundwater, are present. These clay 
lenses are no more than 1m to 1.5m thick, and have a random occurrence 
that cannot be detected by vertical electrical sounding. Although the general 
dip of the Bokkeveld is between 0.5 ̊ and 2.5 ̊, towards the sea, depressions in 
the surface do occur. These depressions form traps for freshwater. The 
interdunal valleys provide excellent recharge areas as the permeability is high 
and no runoff takes place. Surface calcretes help to concentrate recharge into 
these pans during rainfall. 
In 1988, Mullineux et al.  carried out an investigation into the various options 
to supplement water to the Albany Coastal Water Board. In this report six 
possible schemes were investigated on a purely comparative basis. It was 
found that two schemes, the one abstracting water from the Diaz Cross 
coastal dune aquifer and the other pumping water from a natural spring in the 
Kariega River, were by far the most economically viable. Also, both sources 
would deliver water of an acceptable quality for domestic use.  
During 2001, Illenberger reported on the geohydrology of the saltwater wells 
and boreholes at Bushmans River Mouth. This study was initially undertaken 
to test-pump a new well that was to be used for abstracting sea water from 
the bank of the lower Bushmans River estuary. This water is used for the 
desalination plant. There were already three boreholes in the area (SW 1, SW 
2, and SW 3) producing seawater prior to this investigation (Figure 2.2).  
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A previous report done by Jolly (1996) suggested that any boreholes for 
abstracting seawater from along the beach should be below the high-water 
mark, rather than using SW4. Jolly suggested placing boreholes along the 
sandy estuarine bank. He undertook electromagnetic traverse through SW 4, 
which indicated that the salt/fresh water interface was more or less under 
SW4. From the results, it was concluded that excessive abstraction of 
freshwater had taken place, but there has never been abstraction of 
groundwater in the area. Illenberger (2001) re-interpreted these results to 
indicate that seawater naturally intrudes this far inland in this area, because it 
is surrounded by seawater on two sides, and because the area is underlain by 
conglomeratic aquifers that allow easy ingress of seawater.  
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Figure 2.2: Locality map for seawater and fresh water boreholes and the test well 
(SW5) at Bushmans River Mouth. Only the labelled fresh water wells are currently 
being pumped (apart from FW11 and FW14) aerial photo taken in August 1998 
(Illenberger, 2001) 
Illenberger (2001), further suggested that the existing salt-water boreholes 
will cause some landward movement of the seawater/freshwater interface, 
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along the estuarine bank and adjacent beach. The reduction in usable storage 
capacity for fresh groundwater is minimal and insignificant, and any 
freshwater in the area will not be wasted, as it will be drawn into the 
boreholes and passed through the desalination plant and used. Illenberger 
(2001) stated that it is beneficial to dilute seawater with freshwater, as the 
efficiency of the desalination plant increases if this is done. This practice is 
already being followed, by mixing water from fresh water boreholes (on the 
banks of the Bushmans River) with seawater in the feed to the desalination 
plant.  
2.4 Statement of the problem facing Bushman’s River Mouth 
Essentially any demand for bulk water in excess of 1900m3/day results in the 
drop in the level of the storage reservoirs. This was evident in the 2003/2004 
Christmas holiday season, with demand peaking at 2800m3/day, thereby 
causing the water level in the storage reservoirs to drop for 14 consecutive 
days (Mouton, 2004). 
The stressing of the Diaz Cross aquifer caused the electrical conductivities 
(EC’s) to degenerate from around 100 mS/m (initial production 1990), to 200 
mS/m (late 2003), and to 250 mS/m (early 2004). Despite the many reversals 
in water quality due to seasonal rainfall patterns, the overall trend has seen a 
steady decline in the groundwater quality (Mouton, 2004). This is due to the 
ACWB not being able to reduce abstraction during times of stress and drought 
conditions. With the absence of spare capacity, the ACWB has little option but 
to draw water from this stressed source. In addition to the deteriorating water 
quality, locally the water table was depressed with the result that the pumps 
in the production boreholes began sucking air intermittently, between the 
18th and 23rd March 2004, thereby interrupting bulk water supply.  
Based on the considerable influx of people into the surrounding townships 
and current developments in the Bushmans River Mouth and Kenton-on-Sea 
area, ACWB will soon face serious shortfalls in the delivery of bulk water. It 
has been proposed by DWAF to develop an additional well field in the modern 
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dunes behind Kwaaihoek, approximately 800m from the existing Diaz Cross 
well field. A linear array of approximately 6 boreholes will be required to 
produce an additional 12 L/s over a 12 hour pump cycle. This groundwater 
can be reticulated through the existing pipeline, which is located close to the 
envisaged expansion. Outside the peak holiday season, pumping schedules 
from Diaz Cross and the proposed Kwaaihoek aquifer could rotate to prevent 
degradation of water quality and thereby ensure the longevity of both well 
fields. However, SANParks have stated that they will oppose the development 
of any new well fields in the land that falls under their jurisdiction.  
An additional threat to the Diaz Cross well field comes about when the well 
field is directly recharged by the Boknes lagoon in the back dune area. This 
may result in hyper-saline water migrating down the hydraulic gradient 
degrading the groundwater quality.  
2.5 Demand Characteristics 
The bulk water supplied in 2001, could not meet the peak demand during the 
Christmas/New Year holiday season (Figure 2.3).  
 
Figure 2.3: ACWB: Total production 1989 to 2001 (data from Mouton, 2002) 
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The supply shortfall for 2001 had been estimated at 21 00m3, thereby raising 
the demand to 453 200m3 for the year. Based on the post-1994 annual 
growth rate of 10% the demand for 2002 was projected at 475 200m3. A total 
of 48 963m3 of water was supplied in December 2001, but this was 
insufficient to meet the needs of the community. By contrast, 26 214m3 of 
water was supplied in September 2001- more than enough to cope with the 
demand (Figure 2.5). This shows the monthly water consumption and 
influence of the peak holiday season on demand (Figure 2.4).  
 
Figure 2.4: Consumption figures of Bushmans River Mouth 2000 – 2005 (data from 
pers. Comm.. Nicol, 2007) 
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Figure 2.5: 2001 monthly water demand: Kenton-on-Sea and Bushmans River 
Mouth area (Mouton, 2002) 
To meet the average daily demand, the ACWB must be able to supply 
approximately 1 200m3/day on a near continual basis (Figure 2.6). To meet 
the 40 day peak demand, approximately 1 700m3/day was made available. 
Within this period, a 7 day absolute peak demand of approximately 
2 400m3/day occurred and had to be accommodated. The absolute peak 
demand was twice the average daily demand and the ACWB experienced a 
shortfall in supply on the 2 January 2007.  
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Figure 2.6: Daily Water consumption: Kenton-on-Sea and Bushmans River Mouth 
area, Dec 2001- Jan 2002 (Mouton, 2002) 
This shortfall of 30m3/day was met by overpumping the Diaz aquifer by 
110m3/day to meet the average daily demand. Due to overpumping, severe 
stress of the aquifer occurred. 
There have been dramatic increases in the demand for potable water since 
the first democratic elections in 1994. The current supply of 432 200m3 could 
not meet the peak demand during the December/January holiday season 
(Figure 2.6). The peak water demand between 28 December 2001 to 3 
January 2002 was 2 400m3/day, which is double the average daily supply of 
approximately 1 200m3/day. During the same period, the average daily 
demand was exceeded for 40 continuous days and averaged 1 707m3/day.  
In addition, the bulk demand for water has risen by an average of 7%/annum 
since 1989, with a major inflection of 10%/annum occurring post-1994 
(Figure 2.3 and Figure 2.7). Based, on current projections, the demand for 
water in 2008 is most likely to be approximately 670 000m3/annum. This 
would be equivalent to the supply of 21 L/s of water on a continuous basis.  
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Figure 2.7: ACWB production: 2002 to 2008 (cum/annum) (Mouton, 2002) 
As a matter of urgency, additional water resources must be identified to cover 
production shortfalls of 530 and 1230 m3/day for the peak and absolute peak 
demands respectively.  
-24- 
Chapter 3: Artificial Recharge 
3. Artificial Recharge (AR) 
In this chapter the concept of artificial recharge, the suggested method of 
recharge, as well as the international and national examples of artificial 
recharge are discussed. It also examines the water to be utilised for artificial 
recharge.  
Artificial recharge, also known as managed aquifer recharge, has been 
accepted world wide as an effective way of conserving water for future use, 
for improving water quality, for preventing saline water intrusion and for 
numerous other uses. Southern Africa has found that only a few full scale 
applications have proved the viability of the technique, especially for primary 
aquifers.  
Artificial recharge is regarded as a practical, cost effective and 
environmentally acceptable water management tool for the water supply  to 
authorities, rural communities and farmers. The main purpose of artificial 
recharge is to rapidly replenish the aquifers, with water that would otherwise 
be lost through evapouration and stream flows (Murray & Tredoux, 1998).  
There are various methods of artificial recharge, which have been developed 
over the years. These include: water spreading; recharging through pits and 
wells; and pumping to induce recharge from surface water bodies (Figure 
3.1).  
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Figure 3.1: Schematic of types of management of aquifer recharge (Murray et al. 
2007) 
The choice of which method to use for AR is dependent in a number of 
factors. These includes: local topography, geology, soil conditions, the quality 
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of water to be recharged and the ultimate water use. In special 
circumstances, land value, water quality or even climate may be an important 
factor (Todd & Mays, 2005).   
Artificial recharge projects are designed to serve one or more of the following 
purposes (Murray & Tredoux, 1998).  
1. Augment the natural groundwater as an economic resource 
2. Coordinate operation of surface and groundwater reservoirs 
3. Combat adverse conditions, such as progressive lowering of 
groundwater levels, unfavourable salt balance, or saline water 
intrusion 
4. Provide subsurface storage for local or imported surface waters 
5. Reduce or stop significant land subsidence 
6. Provide a localised subsurface distribution system for 
established wells 
7. Provide treatment and storage for reclaimed wastewater for 
subsequent reuse 
8. Conserve or extract energy in the form of hot or cold water.  
3.1 Artificial recharge schemes around the world 
Artificial recharge is well practised internationally and in some countries, 
artificial recharge was introduced over a century ago. A survey of artificial 
recharge practice in fourteen European countries done by Connorton and 
McIntosh (1994) as cited by Todd & Mays (2005) concluded that: 
• Artificial recharge is important in ten of the fourteen countries 
surveyed 
• The use of artificial recharge is increasing within the countries 
where it is operating 
• Artificial recharge schemes are generally operating successfully 
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• In addition to increasing water supplies, artificial recharge often 
has environmental and water quality aims and benefits 
The following international examples show how artificial recharge forms part 
of bulk water supply schemes, and also show that it is possible to recharge 
relatively low permeability aquifers (Murray & Tredoux, 1998).  
3.1.1 Germany 
Fifteen percent of Germany’s drinking water is supplied by artificial recharge. 
While a considerable proportion of this is by means of river bank filtration and 
recharge basins, there is an increase in use of other methods. One method, 
the use of seepage trenches has grown in popularity, with six schemes being 
constructed between 1983 and 1992. The trenches are usually 1m wide and 
up to 100m long and several metres deep. They are filled with coarse sand 
and a covering, and cut through the impermeable soil layers. An example of 
such trench system is at Hessian Reid, where water is taken from the Rhine 
River, treated to drinking water and then recharged into nine 100m metre 
length trenches. Altogether they cover a length of 2km.  
3.1.2 Finland 
Groundwater usage in Finnish communities amounts to 56% of the total 
water used. Of this 32% is artificially recharged; half by means of induced 
river bank infiltration and the rest by means of basin and pit infiltration. The 
depth from the bottom of the infiltration basins to the groundwater table 
varies from less than 2m to 45m and the distance from the basins to the 
abstraction points varies from 50m to 2.6km. The detention time of the water 
in the ground varies from less than 7 days to 80 days, the most common time 
being approximately 30 days. The infiltration rates at the basins vary from 
0.72m/day to 2.88m/day. In most cases the water source is a lake.  
3.1.3 The Netherlands 
Artificial recharge forms a major component of the Netherlands’ drinking 
water supply schemes. In 1957 artificial recharge was introduced to enhance 
the groundwater resources in the dunes of Northern-Holland, and to counter 
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the upswelling of the fresh/salt-groundwater interface which resulted from 
over abstraction. The scheme initially consisted of open canals by which pre-
treated surface water was infiltrated into the soil. In the early 1990’s, deep 
injection boreholes were added to the scheme. Besides having the advantage 
of penetrating the semi-confined aquifers at greater depths, the boreholes 
require very little land which is a great advantage in the Netherlands. 
In Southern- Holland, a similar scheme has been in operation, since 1955. It 
is being continually expanded to cater for an increasing water demand. Since 
1990, the original infiltration basin scheme has been expanded to include 24 
injection boreholes. The infiltration basins vary from 3 000m2 to 156 000m2 
and the depths of the basins are generally in the region of 2m. The infiltration 
rates of the more recent, deeper basins (≥2m) are generally higher than the 
older, shallower basins. These rates range from 0.06m/d to 1.15m/d, with the 
average being 0.12m/d. the infiltration rates at the boreholes, which have 
diameters of 0.315m and 1.0m, and which are screened for 35m, range from 
3.8m/d to 5.6m/d. 
3.1.4 United States of America 
Many methods for artificial recharging aquifers are practised in the United 
States of America, a few examples are given below (Murray & Tredoux, 
1998). 
(i)  Peoria, Illinois 
Two 10m deep recharge pits (Figure 3.2) constructed adjacent to the Illinois 
River can recharge the underlying sand and gravel aquifer at a rate of 
17 000m3/day. The bases of the pits are lines with gravel. Originally a 15cm 
layer of sand was placed in the pit to serve as a filter media, but rapid 
clogging of the sand reduced infiltration rates and the sand was replaced with 
gravel. 
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Figure 3.2: Cross section of recharge pit at Peoria, USA, after Sutter and 
Harmeson, 1960 as cited by Murray & Tredoux (1998) 
(ii)  Minot, North Dakota 
The recharge facility is contained within a 3ha piece of land about 300m from 
the source of the recharge water, the Souris River. Raw water is fed into a 
settling basin, and from there into a canal system. Recharge takes place 
through thirty six 0.76m diameter wells and four 4m diameter wells located at 
the base of a canal. The wells cut through a layer of silt and clay, and are 
filled with gravel. The maximum recharge rate is 15 000m3/day. 
(iii)  Leaky Acres, California 
This recharge facility is situated on an alluvial fan and consists of ten large 
recharge basins covering an area of 47ha. The water is obtained from King’s 
River and then fed via an irrigation canal to the recharge basins. During the 
numerous recharge runs between 1971 to 1975, more than 65 x 106m3 of 
water was infiltrated into the aquifer. 
3.1.5 Australia 
Although artificial recharge by means of spreading basins is practised in 
Australia, there is an increase in the use of borehole injection methods. This 
method is especially favoured for confined limestone aquifers. The 
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transmissivities of the recharged aquifers range from 70m2/day to 
1500m2/day.  
3.1.6 Kuwait 
During the late 1980’s research as carried out to assess the potential for 
storing large volumes of drinking water in brackish aquifers close to demand 
centres in the country of Kuwait. Several areas were tested in a confined 
limestone aquifer and an aquifer which consists of sand layers between layers 
of cemented sandstone. One site, where the transmissivity was relatively low, 
is at Sulaibiya (Murray & Tredoux, 1998).  
3.2 Artificial recharge schemes in Southern Africa  
Artificial recharge scheme to South African aquifers is not a new concept. 
Scattered throughout the country are small earth dams which farmers have 
built to augment their borehole supplies. The Atlantis Scheme near Cape 
Town had been operational for over 20 years. In Namibia, sand storage dams 
were constructed in stages for water storage in artificial ‘aquifers’ (Murray & 
Tredoux, 1998). 
There are two main hydrological factors which determine the potential for 
artificial recharge in South Africa (Murray & Tredoux, 1998). The first being 
the availability and quality of raw water and the second whether the aquifer 
can physically receive surplus. Possible water sources include ephemeral and 
perennial rivers, dams, municipal waste water and storm runoff. With South 
Africa’s high evapouration rates it can be cost effective to store water 
underground rather than on the surface. If rivers or dams are to be used for 
artificial recharge it will be necessary, in virtually all cases, to reduce the 
turbidity of water in order to prevent clogging. In relation to the second 
factor, namely the aquifer acceptance potential, the permeability of the 
aquifer and the storage potential of the aquifer are important factors that will 
determine the suitability of an aquifer for artificial recharge. Aquifers with high 
storativity values and are highly transmissive are most suitable for receiving 
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additional water and come in useful when artificial recharge schemes are 
considered.  
South African aquifers vary considerable from those with high permeability 
and storativity, like the primary aquifers at Atlantis near the Cape Flats in the 
South-western Cape and some dolomitic aquifers in the Northwest Province, 
to those with low permeability and storativity like most of the hard rock 
aquifers which are found throughout the country. While aquifers with high 
permeabilities and storativities are most suitable for receiving recharge water, 
aquifers with limited permeability and storativity can also be artificially 
recharged (Murray & Tredoux, 1998).  
In secondary aquifers where permeability’s are relatively high, such as the 
fractured Karoo and Cape Supergroup aquifers, it may be possible to inject 
substantial volumes of water underground. In these areas, artificial recharge 
could become one of the key factors in water resource management. For 
example, groundwater which is usually held in reserve could be used if a 
reliable water source is available for artificial recharge (Murray & Tredoux, 
1998).  
Murray and Tredoux (1998) recommend that spreading basins should be 
considered as the first technology choice so long as the permeability of the 
soil horizons and aquifer material are adequate to allow rapid infiltration and 
percolation. It not, then trenches which cut through the impermeable layers, 
or boreholes which penetrate the most permeable parts of the aquifer, should 
be considered as the more appropriate artificial recharge method. Table 3.1, 
Table 3.2 and Table 3.3 show the geohydrological environments which may 
be suitable for artificial recharge and then further list the primary factors 
which will determine the area’s suitability.  
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Table 3.1: Summary of the artificial recharge schemes in South Africa (Murray & Tredoux, 1998) 
Locality 
  
Aquifer AR method Water source Description 
     
 Atlantis Primary spreading treated 
  dune sands  municipal 
    waste & storm 
    Runoff 
     
     
     
     
     
Two large basins covering an area of approximately 500 000 m2 when full are situated in the dunes and 
provide artificial recharge to the aquifer some 500 m up-gradient of the well field. The recharged quantities 
are in the region of 2 million cubic metres per annum. The scheme also consists of a series of infiltration 
basins near the coast which are used for discharge of poorer quality wastewater from the town. This 
includes saline effluent originating from the regeneration of the softening plant ion exchange resins, treated 
industrial wastewater and the runoff from the noxious trade area storm water collection system. This system 
both provides an environmentally acceptable way of disposing of poorer quality water and also forms a 
barrier between the well field and possible saline intrusion from the sea. The scheme has been in operation 
for over 15 years. The K-value obtained from double-ring infiltrometer tests which were carried out inside a 
dry basin which had been in operation for eight years, was 9.5 m/d. 
 Swakopmund Primary spreading Natural 
 & Central Riverine  runoff &  the 
 Namib Water Sands  Omdel Dam 
 Supply    
 Scheme    
     
     
     
     
     
     
     
Recharge into the Omdel aquifer, located in the Omaruru delta, only occurs during flood events. As with 
many other non-perennial African rivers, the flood waters are heavily laden with silt which clogs the river 
bed and prevents free infiltration into the aquifer. Nawrowski & Tordiffe calculated that as a result only 
1 x 106 m3/y of surface water recharges the aquifer and the remaining 14.6 x 106 m3/y escapes to sea. In 
order to counter this water loss the Department of Water Affairs constructed the Omdel Dam (40 x 106 m3) 
at the head of the delta. The flood waters are stored in this dam long enough for the sediments to settle, 
after which the water is released down the river to recharge basins located 6 km down stream. The recharge 
basins appear as earth dams within the river bed, and they overly a minor subterranean channel in the 
aquifer. This channel feeds into the main aquifer channel on which the well field is located. Only one major 
flood event has occurred since completion of the scheme and it is still too early to gauge how successful the 
scheme is. It is however interesting to note that after only one flood event the entire floor of the dam 
already has a 1 to 1,5 m thick silt layer. 
 Pietersburg 
  
  
  
  
riverine 
sands & 
weathered/ 
fractured 
gneisses 
spreading 
Treated 
municipal 
waste 
The Pietersburg municipality pumps about 5 x 10 m3/y of treated waste water into the usually dry Sand 
River. No recharge basin exists, rather, the water runs for a few hundred metres before it all disappears 
(infiltrates and evaporates). The alluvium in the river bed is about 25 m thick. The maximum the 
municipality has abstracted from the aquifer is in the order of3 x 106 m3/y. The aquifer is only used in times 
of need, i.e. when the surface water supplies are inadequate. 
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Table 3.2 cont. of summary of artificial recharge schemes in South Africa 
 
 Locality 
  
Aquifer 
AR 
method 
Water source Description 
 Dendron 
  
  
weathered 
gneisses 
spreading earth dams 
Farmers in the Dendron area have built numerous shallow earth dams with the aim of enhancing 
groundwater recharge. The effectiveness of these dams is not known, however, DWAF is currently setting 
up systems to monitor their effectiveness. 
Springbok 
flats 
 
basalts injection earth dam 
A borehole on a farm south of Roedtan is fed by an earth dam via a pipeline with a control valve. Two water 
supply boreholes are located on either side of the injection borehole. This scheme was described in 1986, 
and it is not known whether the scheme is still operational. If the turbidity of the injected water was not 
reduced prior to injection, it is likely that the scheme is either very inefficient, or that the borehole has 
clogged up completely. 
 Soutpansberg 
  
   
weathered 
gneisses? 
spreading earth dams 
Farmers in the Gordon area of the Soutpansberg District built earth darns in the late 1960's to enhance 
recharge. De Villiers describes water level rises, and in some cases, borehole yield increases after the 
construction of the earth dams. For example, Borehole No 62 on the farm Cliffdale was reportedly dry when 
drilled in 1958, but after an earth dam up-slope of the borehole had been enlarged, a yield of 1.2 I/s was 
recorded, and a water level reading in 1971 was 23 m higher than the original water level. Borehole No 78 
on the farm Freyburg had an initial yield ofO.9L/s. The hole dried up during the dry years of 1965 and 1966. 
After an earth dam was built up-slope of the borehole, a yield of 1.3 L/s was recorded, and when the water 
level in the borehole was measured in 1971, it was found to be 21 m above the original water level. Without 
more information on rainfall, water levels and abstraction, these examples (and the others like these) do not 
prove the effect of the recharge dams on the aquifers - they do however indicate that there is likelihood that 
the dams did have some positive effects. 
 
 Rustenburg 
  
igneous 
rocks, base 
of the 
Bushveld 
Igneous 
Complex 
injection 
Spring 
A farmer in the Rustenburg area gravitates clear spring water during the summer rainfall period into 4 or 
5 boreholes. During the winter, the water is abstracted from the boreholes for irrigation purposes. The 
boreholes yield (and receive from the springs) on average about 1 L/s, and the farmer says that he can 
abstract the same amount of water that he injects. The scheme has been operational for 3 years. 
 Karoo farms 
  
Karoo 
sedimentary 
 rocks and 
dolerite 
intrusions 
injection 
and 
spreading 
earth dams 
Farmers in the Karoo have built recharge dams along dykes and recharge dams with injection boreholes. 
Although the farmers say that the schemes enhance their ground water resources, none of them are 
monitored, and therefore it is not possible to say how efficient they are. 
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Table 3.3: cont. summary of artificial recharge schemes in South Africa  
 
 Locality 
  
Aquifer 
AR 
method 
Water source Description 
 Khomas 
 Hochland, 
 Namibiall 
Damara 
Sequence 
spreading earth dams 
Farmers in the upper Kuiseb River catchment have built dams on geological structures for the purpose of 
recharging the aquifers on which livestock depend. The effect of these dams have not been properly 
documented. 
 Kakamas 
  
granite injection surface runoff 
As part of a groundwater supply scheme for this Namaqualand village, DWAF recommended that one of the 
boreholes be used for injection and supply. Water from a small stream is fed through a sand filter up- slope 
of the borehole and then gravitated into the borehole. The scheme has been monitored since it came into 
operation in 1995. Two problems have emerged: Firstly, the sand filter was not constructed (or designed?) 
to maximise filtration and flow efficiency, and is therefore not working properly. The borehole is currently 
not being recharged because sand and organic matter pass through the filter. Secondly, the rate at which 
water enters the borehole during artificial recharge is too high. The borehole gave a blow yield of 7.2 L/s 
during drilling, and was test pumped for 50 hours at 3.2 L/s. Due to the poor recovery after the constant 
discharge test (a residual drawdown of 3m), a production yield of 0.3 L/s for 20 hours per day was 
recommended. The 50 mm diameter pipeline from the sand filter allows water to enter the borehole at a 
greater rate than which the aquifer can receive water, and as a result, the recharge water overflows from 
the borehole. From the monitored data, which includes abstraction, rainfall, water levels and electrical 
conductivity, it is difficult to establish to what extent the aquifer receives this recharge water. An 
observation borehole would need to be drilled near the injection borehole to establish this. 
 Farmers 
 adjacent to the 
 Mogol River, 
 near Ellisras 14 
  
alluvium in 
the Lower 
Mogol 
River 
spreading 
Hans Strydom 
Dam 
Releases from the Hans Strydom Dam recharge the Mogol River alluvial aquifer. Farmers take water 
directly from the river and from numerous well points located adjacent to the river. The alluvium is 
estimated to be between 2 m and 10 m deep, with an average depth of 5 m. Yields from the well points 
vary from 12 L/s to 38 L/s, however these figures may in reality refer to the capacity of the vacuum 
pumps. Artificial recharge to this aquifer has not been accurately quantified, however, water releases from 
the dam do not appear to reach the Limpopo River confluence until the sand aquifer throughout the 118 
km length of the Mogol channel has been fully recharged. Observations from a dam release in 1987 
indicate that the volume of water required to recharge the aquifer was in the region of 10 x 106 m3. 
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3.3 Wastewater recharge for re-use 
Typically water used in AR, is urban stormwater, or any municipal waste 
water, this section examines the effects of using municipal waste water.  
Recently, increasing attention has been focused on the reuse of 
municipal wastewater.  
There are however, major concerns associated with the use of municipal 
waste water for AR. These include, organic carbon, nitrogen species and 
pathogens. For example, priority pollutants in biologically treated 
wastewater from 91st Avenue Wastewater Treatment Plant in Phoenix, 
Arizona, satisfy primary drinking water standards since strict industrial 
pre-treatment requirements were enforced (ASU, 1998). According to 
Todd and Mays (2005) the levels of organic carbon, nitrogen species, 
and pathogens found in biologically treated wastewater tend to be at 
levels higher than those found in surface waters and provide serious 
concerns for use.  
The organics in biologically treated wastewaters are similar to the 
organics that are present in surface waters and are an area of concern 
just as with organics occurring naturally in both surface waters and 
groundwater. This concern is the reaction of the organics with the 
commonly used disinfectant chlorine to produce by-products, e.g. 
Trihalomethanes (Todd & Mays, 2005). 
Nitrogen species are one of the common reasons that groundwater does 
not meet drinking standards. Nitrogen can be effectively removed before 
soil aquifer treatment to ensure compliance with nitrogen standards. 
Important transformations of nitrogen occur during recharge to provide 
further removal of nitrogen species. A wide range of nitrogen 
characteristics in wastewater effluents has been studied to determine 
impacts on nitrogen transformations (Todd & Mays, 2005).  
The removal of all three major classes of pathogens (parasites, bacteria, 
and viruses) needs to be considered when wastewater is reclaimed. 
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Pathogenic bacteria and viruses can be present in large numbers in 
biologically treated wastewater; yet disinfection prior to recharge is 
effective in eliminating pathogens. During studies done on artificial 
recharge, no enteric viruses or enteric bacteria have been found in 
aquifers that were recharged with wastewater. For example, a study that 
was done by the Arizona State University that focused on examining the 
fate of Cryptosporidium during soil aquifer treatment and Hepatitis A 
since these two pathogens are of concern and very little data exist on 
their fate during recharge (Todd & Mays, 2005).  
Recharge with wastewater (usually after secondary treatment) improves 
its quality by the removal of physical, biological and some chemical 
constituents; provides storage until subsequent re-use; reduces seasonal 
temperature variations; and dilutes the recharged water with active 
groundwater. Land application practices involve irrigation, spreading, 
overland flow, and recharge wells. Selection of a given system is 
controlled by the soil and surface conditions, climate, and availability of 
land and intended re-use of the wastewater.  
3.4 Recharge method for the Klipfontein Vlei 
The method suggested by DWAF for artificial recharge in the study area, 
is by means of spreading basins, due to the unconfined nature of the 
Bushman’s River Mouth aquifer. If the aquifer was confined, one would 
then use the borehole injection method. 
According to Todd and Mays (2005), the most widely practised method 
of AR is water spreading-releasing water spreading- releasing water 
where it can infiltrate into the ground and then percolating to the water 
table over a ground surface in order to increase the quantity of water 
infiltrating into the ground and then percolating to the water table. From 
a quantitive standpoint, the most important factor controlling the rate at 
which water will enter the soil, is the area of recharge and the length of 
time that water is in contact with the soil. Spreading basin efficiency is 
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measured in terms of recharge rate, expressed as the velocity of 
downward water movement over the wetted area. The reasons for this 
were mainly that this method is cheap and relatively easy to implement.  
3.4.1 Infiltration basin method 
Water may be recharged by releasing it into basins formed by 
construction of dikes or levees or by excavation (Todd & Mays, 2005). 
The basin sizes and shapes are generally adapted to land surface slope. 
Silt-free water helps in preventing sealing of basins during submergence. 
Most basins need periodic maintenance to improve infiltration rates by 
scarifying, disking or scraping the bottom surfaces when dry. Where 
local storm water runoff is being used to recharge, a single basin would 
normally suffice, but where streamflow is being diverted for recharge, a 
series of basins, often parallel to the natural stream channel, is 
advantageous (Bianchi et al, 1978). The amount of water entering the 
aquifer depends on three factors;  
• Infiltration rate 
• Percolation rate 
• Capacity for horizontal water movement (Figure 3.3) 
 
Figure 3.3 Direct recharge by spreading after Huisman, Olstshoorn, 1983 as 
cited by Murray & Tredoux, (1998)  
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Water from the stream is led by a ditch into the uppermost basin. As the 
first fills it spills into the second, and the process is repeated through the 
entire chain of basins. From the lowest basin, excess water is returned 
to the stream channel. (Figure 3.4)  
 
Figure 3.4: Typical plan of a multiple-basin recharge project diverting water 
from a stream (Todd & Mays, 2005) 
A typical multiple-basin recharge project this method allows water 
contact over 75 to 90% of the gross area (Figure 3.4).  
Multiple basins provide continuity of operation when certain basins are 
removed from service for drying and maintenance. Further where 
streamflow from storm runoff is being spread, the upper basins can be 
reserved for settling silt. 
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Figure 3.5: Aerial view of spreading basins adjoining the San Gabriel River, 
Los Angeles, California, and temporary finger dikes within the river 
channel (Todd & Mays, 2005) 
The aerial photograph in Figure 3.5 illustrates an extensive series of 
recharge basins in Los Angeles, California.  
Surface infiltration systems require the availability of (Tredoux & Murray, 
1998): 
• Adequate land with permeable soils 
• Vadose zones without restricting layers that produce 
excessive perched water mounds 
• Unconfined aquifers of sufficient transmissivity to prevent 
undue rises of groundwater mounds 
• Vadose zones and aquifers free from undesirable 
chemicals 
The infiltration basin method is favoured because of the general 
feasibility, efficient use of space and the ease of maintenance. 
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Infiltration basins are the most widely used method for groundwater 
recharge and municipal wastewater removal. Because of its economical 
attractiveness and low-cost maintenance, many of these systems have 
been installed in the United States and countries throughout the world. 
Los Angeles County implemented the use of SAT (Soil Aquifer 
Treatment) systems for groundwater recharge in the Montebello Forebay 
in the early 1960’s. After over 20 years of operation and extensive 
study, no measurable negative impact on groundwater quality or human 
health could be established (Todd & Mays, 2005).  
3.4.2 Recharge rates 
Todd and Mays (2005) state that the economy of water spreading 
depends on maintenance of high infiltration rate. Typical rate curves, 
however, show a pronounced tendency to decrease with time. 
Determining the cause of this decrease and how to counteract it, has led 
to extensive research programs.  
 
Figure 3.6: Typical time variation of recharge rate for water spreading on 
undisturbed soil, after Muckel, 1959 as cited by Todd & Mays (2005) 
A typical curve of recharge rate versus time is seen in Figure 3.6, Todd 
and Mays (2005) attribute the initial decrease to dispersion and swelling 
of soil particles after wetting; the subsequent increase accompanies 
elimination of entrapped air by solution in passing water; the final 
gradual decrease results from microbial growths clogging the soil pores 
Laboratory test with sterile soil and water, give a nearly constant 
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maximum recharge rate, thereby substantiating the effect of microbial 
growths.  
Recharge rates generally decrease as the mean particle size of soil on a 
spreading area decreases. Efforts to maintain soil pores free for water 
passage have led to additions of organic matter and chemicals to the soil 
as well as to growing vegetation on the spreading area. Chemical soil 
conditioners, which tend to aggregate the soil, show promise in soils of 
certain textures. Alternating wet and dry period on a basin generally 
furnishes a greater total recharge than does continuous spreading, 
drying kills the microbial growths and this combined with scarification of 
the soil surface, reopens the soil pores (Todd & Mays, 2005).  
There are other factors that influence recharge rates (Todd & Mays, 
2005). Where less pervious strata lie below the surface stratum, the 
recharge rate depends on the rate of subsurface lateral flow. Therefore, 
spreading only in narrow, widely spaced strips recharges nearly as much 
water as spreading over an entire area. Water that contains silt or clay is 
known to clog pores, leading to rapid reductions in recharge rates. Wave 
action in large, shallow ponds can stir bottom sediments and seal pores 
that would otherwise remain open. Water quality can be an important 
factor, therefore, recharging water of a high sodium content tends to 
deflocculate colloidal soil particles and thereby obstruct water passage.  
Suggested method whereby artificial recharge will be done is by natural 
infiltration through a series of wetlands in the back dune area. This area 
was identified as a possible location of the AR scheme for Bushmans 
River Mouth. This is further discussed in the following chapter.  
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Chapter 4: Study Area 
4. Study Area 
4.1 Location 
The study area is located in the south-western area of the Eastern Cape 
Province between 26̊ 38′45″E, 26̊ 39′15″E and 33̊ 41′38″S and 33̊  41′23″S. It 
is situated approximately, 140 kilometres east of Port Elizabeth, along the R72 
to East London (Figure 4.1).  
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Figure 4.1.  General locality map of the study area. (top).  Aerial photograph of the Bushman
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Figure 4.1: General locality map of the study area (top). Aerial photograph of 
the Bushmans River Mouth illustrating the location of the three pans 
(bottom) 
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4.2 Topography  
The relationship between rivers, pans and permeable sands is important 
when it comes to the localisation of the infiltration, while the surface 
geology is expected to influence the chemistry of any runoff recharging 
the aquifers. Jolly (1983) has taken the principal topographic 
characteristics of the study area and placed them into three 
morphological zones (Figure 4.2).  
Figure 4.2: Three morphological zones (Google Earth, 2007) 
4.2.1  Non vegetated Dune belt  
The dune belt is subdivided into two separate zones:  
• Marine shoreline beach zone 
• Aeolian mobile dune zone 
4.2.2 Partially vegetated dunes 
The inland extent of the mobile dunes is fixed by a ridge of 
unconsolidated sand which may be found in certain areas as thick as 
60m. The ridge is vegetated on the top and northern facing slope but 
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not on the southern face. The position of these ridges is fixed although 
the character of the southern face is not changed by wind direction.  
4.2.3 Inland valleys 
The inland valleys forming the first partially vegetated dunes have 
probably developed between former dune ridges, and are now 
completely vegetated. The inland valleys vary with width and depth, but 
most are on average 200m wide. The valleys trend in a NE-SW direction, 
parallel to the coast.  
Cutting through the inland valleys but stopping short of the partially 
vegetated dune ridge are series of “blind rivers”. During periods of 
heavy rain these valleys become flooded becoming temporary vleis. The 
Klipfontein stream fills up with water behind Bushmans River Mouth 
resort. It appears likely that the collection of runoff in the inland valleys 
plays an important role as a focus of recharge into unconsolidated 
sands.  
Relevant to the present morphology of South African estuaries, is the 
Holocene rise in sea-level, during which sea-level rose from -130m about 
13 000 years ago to within a few metres of the present sea level during 
the last 5000-6000 years. This period of rapid rise in sea-level, caused a 
landward retreat of the shoreline and modified the lower reaches of the 
rivers as it did so. It is commonly thought that contemporary estuarine 
morphology arose from the drowning of former river valleys and their 
subsequent infilling to a greater or lesser extent (Cooper et al. 1999).  
4.3 Climate 
This stretch of coastal zone is classified as being sub-tropical, with all 
the months having temperatures of between 10 and 22.2 ̊C, and an 
annual rainfall of at least 600mm (Stone et al., 1998). The temperature 
is mild (20 ̊C - 23 ̊C) in winter and summer, with the wind reducing the 
heat and humidity in summer.   This area receives bi-modal rainfall 
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distribution with a larger peak in Spring and a smaller peak in Autumn 
(Figure 4.3).  
 
Figure 4.3: Seasonal distribution of rainfall, after Kopke 1988 as cited by 
Lubke & de Moor (1998) 
The study area falls within a transitional zone, between the summer 
rainfall region in the east, and winter rainfall region in the west (Stone et 
al., 1998).  
Rainfall data for the study area are presented in Table 4.1. 
The area is subjected to flooding, for example, the vlei has overflowed 
twice since 2000, once as a result of 180mm of rain which fell over a 
weekend in May 2003 and the recent August 2006 floods.  
The average monthly evaporation rates for the region ranges seasonally 
from 104.5mm in winter to 210.7mm in summer. Runoff volumes can be 
estimated from rainfall and evaporation data, and indicate the maximum 
runoff should occur in summer months. Rainfall runoff never exceeds 
evapouration in this region. The annual relative humidity in the area 
shows seasonal fluctuations and ranges from a maximum of 80% in 
summer to a minimum of 40% in winter. The mean relative humidity is 
72%. 
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Table 4.1: Mean monthly and mean annual precipitation (Mouton, 2004) 
 
MONTHLY RAIN 
BUSHMANS 
RIVER MOUTH/ 
KENTON 
January 42 
February 45 
March 68 
April 49 
May 54 
June 50 
July 48 
August 53 
September 63 
October 65 
November 64 
December 45 
MAP (mm) 636 
 
Wind is dominated by a south westerly and to a lesser extent, a south 
easterly which predominate in winter and summer respectively. In the 
winter months, occasional NW berg winds blow. These are hot dry winds 
which move seaward from the interior and cause temperatures to rise by 
10ºC in half an hour. Winds with a velocity of >30m/s occur most 
frequently in the summer months.  
4.4 Geology  
The geology of the area is comprised of rocks of the Cape Supergroup 
(408-360My), Algoa Group (25 to 5 My) and younger deposits (<5 My). 
Palaeozoic Cape Supergroup strata (Table 4.2) are unconformably 
overlain by Tertiary and Quaternary sediments of the Algoa Group 
(Booth et al., 1999).  
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Table 4.2: Stratigraphical sequence of the Cape Supergroup (Booth & Shone, 
2002) 
Group Age (Ma) Lithotype Deposition Environment 
Witteberg 340-375 Quartzites & Shales Clastic, shoreline deposits 
Bokkeveld 375-390 Shales & Quartzites Clastic, shallow marine deposits 
Table 
Mountain 
390-520 Quartzites & Shales Clastic, shallow marine and 
shoreline sediments 
 
Rocks of the Algoa Group form a thin veneer in the coastal zone and 
play an important role in the hydrogeology of the area. These sediments 
are of near shore, marine, river and wind origin and this is related to 
sea-level changes over the past 25 million years (Mouton, 2002).  
 
Figure 4.4: Geological map of the study area as published by Council for 
Geoscience 
4.4.1 Cape Supergroup 
The Cape Supergroup forms the backbone of the Cape Fold Belt. The 
Weltevrede Formation of the Witteberg Group and; the Ceres and Traka 
Formation of the Bokkeveld Group occur in the study area (Table 4.3) 
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Table 4.3: Stratigraphy of the Cape Supergroup in the Eastern Cape (Broquet, 
1992) 
GROUP SUBGROUP FORMATION AGE 
 
TRAKA 
Sandpoort 
Adolphspoort 
Karies 
 
 
 
 
BOKKEVELD 
 
 
CERES 
Boplaas 
Tra-Tra 
Hex River 
Voorstehoek 
Gamka 
Gydo 
 
 
 
 
DEVONIAN 
  
(i) Bokkeveld Group 
The Bokkeveld Group consists of dark-grey shales with interbedded 
sandstone units. It is subdivided into the lower Ceres Subgroup, which is 
characterised by marine invertebrate fossils and the lateral continuity of 
its constituent formations. The upper Traka Subgroup consists of three 
formations in the Eastern Cape.  
a. Ceres Subgroup 
The Ceres Subgroup consists of six formations. Three 
thick shale formations alternate with three appreciably 
thinner sandstone formations. The contacts between the 
formations are transitional (Le Roux, 2000).  
The Ceres Subgroup was deposited in a moderately 
shallow marine environment (Johnson & Le Roux, 1994). 
The shale units accumulated in the offshore zone of the 
epicontinental shelf or on a prodelta slope. The dark, 
relatively immature sandstones represent a lower 
shoreface or transition-zone deposits, while the paler 
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relatively clean sandstones point to deposition on an 
upper shoreface or in coalescent distributary mouth bars 
and distributary channels. 
b. Traka Subgroup 
The Traka Subgroup is comprised of the Karies, 
Adolphspoort, and Sandpoort Formations. Shale of this 
subgroup appear massive from a distance (Le Roux, 
2000). The siltstones display wavy bedding and 
occasional ripple cross lamination and inclined bedding. 
The Karies Formation contains three thin, discontinuous 
sandstone horizons and is expressed by subdued 
topography. In contrast, the homogenous Adolphspoort 
Formation is geomorphologically expressed as a series of 
low hills. The Sandpoort Formation forms low linear 
valleys (Le Roux, 2000).   
The various formations of the Traka Subgroup were all 
deposited in environments which ranged from the 
offshore zone through prodelta slope to delta front 
(Johnson & Le Roux, 1994) 
4.4.2 Algoa Group (Tertiary and Quaternary) 
These Cenozoic deposits form a discontinuous veneer of sediments of 
variable thickness in the coastal zone and comprise near shore, marine, 
fluvial and aeolian sediments. The main force responsible for their 
Formation and distribution was sea-level changes during the recent 
past (Mouton, 2004). These rocks generally become younger towards 
the present day coastline. The Alexandria, Nanaga, and Schelmhoek 
Formations outcrop in the study area (Figure 4.4) (Table 4.4)  
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Table 4.4: Stratigraphy of the Algoa Group (adapted from Roberts et al, 2006) 
FORMATION  
NAME 
LITHOLOGY THICKNESS AGE 
 
Schelmhoek 
 
Unconsolidated wind-
blown sand 
≤ 100m HO
LO
C
E
N
E
 
 
Nanaga 
Semi- consolidated 
calcareous sandstone, 
aeolian cross-bedding 
≤250m  
A
LG
O
A
 G
R
O
U
P
 
 
 
 
 
Alexandria 
• Calcareous 
sandstone, 
horizontal 
lamination, 
herringbone 
cross-bedding 
• Pebbly 
coquinite 
• Basal 
conglomerate, 
scattered 
oyster shells 
≤13m 
M
IO
C
E
N
E
- P
LIO
C
E
N
E
 
 
(i) Alexandria Formation 
The Alexandria Formation is approximately 24.6 to 1.8 million years 
old, and outcrops frequently in the area. It is mainly of marine origin, 
and was deposited during intermittent regressions of sea-level after an 
initial high stand at about 250m above present sea level (Johnson & Le 
Roux, 1994). This formation’s sediments were deposited on wave cut 
platforms. The base of this formation is marked by a thin 
(approximately 2m) discontinuous conglomerate, while the overlying 
coarse grained ‘limestone’ makes up the rest of the formation 
(approximate 7m thickness). This formation typically forms bench like 
cliffs, as found at Cape Padrone and Woody Cape (Mouton 2004). The 
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Alexandria Formation is regarded as a good aquifer because of its 
limestone character and is responsible for some of the karst 
topography found in the coastal zone (Figure 4.5).  
 
Figure 4.5: Schematic cross-section of the geology of the Alexandria karst 
region (Marker, 1996) 
(ii) Nanaga Formation 
The aeolian deposits of the Nanaga Formation overlie the marine 
deposits of the Alexandria Formation, with the oldest deposits found as 
far inland as Paterson. These wind-derived deposits take the form of 
fossil dune cordons (i.e. parallel to the present coast line) that 
developed successively along the old shoreline. The Nanaga sediments 
are better developed in the western portion of the Ndlambe municipal 
region. The preferential erosion of the Bokkeveld basement rocks 
control their thickness and distribution (Johnson & Le Roux, 1994). 
(iii) Schelmhoek Formation 
The Schelmhoek Formation sediments are the youngest deposits and 
are still currently being deposited. The Schelmhoek Formation forms a 
strip of variable thickness (up to 40m) and width (100 to 1 000m) 
above the high tide mark. The Schelmhoek Formation, along with the 
Alexandria and Nanaga Formations, constitutes the coastal aquifer, 
which is exploited intermittently along the 75km long Ndlambe 
coastline (Mouton, 2004). 
This formation dates from 10 000 years ago to present and represents 
modern beach and dune sands. It is composed mainly of well sorted 
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quartz grains and may contain 30 to 35% shell and algal fragments. 
These sediments typically contain sand which may be interbedded with 
mud and lenses of calcrete. Depending on the palaeo-topography of 
the basement rocks, a highly transmissive (porous) shell conglomerate 
may be developed at its base.  
4.4.3 Structural geology 
The Cape Supergroup consists of sedimentary rocks which were 
subjected to great pressure from the south, thereby resulting in folded 
and faulted mountain belts. The quartzitic sandstones form the linear 
east-south-east trending mountain chains, due to their resistance to 
weathering.  
Large scale thrust faulting is evident with most of the larger faults 
trending east-west. Brittle fracture is evident in the competent 
quartzitic sandstones and further characterises the clay-rich shales 
(Mouton, 2002).  
The Algoa Group and recent deposits have been deposited horizontally 
and have not yet been subjected to tectonic deformation.  
4.5 Hydrogeology 
Consolidated rocks occur beneath a thin veneer of younger limestone 
of marine, river, and aeolian origin. The Cape Supergroup rocks have 
undergone several episodes of deformation (Table 4.5).  
This deformation along with the uplift, weathering and erosion has 
contributed to the present groundwater system. Competent rocks 
underwent brittle failure, resulting in numerous faults, fractures and 
joints, thereby creating secondary fracture porosity. In contrast, 
incompetent rocks were more flexible and less inclined to break, thus 
preventing fracture porosity (Mouton, 2002).  
The presence of fractures and recharge conditions play an important 
role in the occurrence and characteristics of groundwater in 
consolidated rocks.  
Young rocks may contain 30-35% pore spaces as they have not yet 
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been compacted and fully lithified. Due to their primary porosity, 
groundwater is likely to be found in unconsolidated rocks. An example 
of these rocks is the Algoa Group. The aquifer types in the Bushmans 
River Mouth area are illustrated in Figure 4.6 . 
Table 4.5 Summary of the tectono-sedimentary history of the Cape Fold Belt 
(after Hälbich, Fitch & Miller, (1983). 
Time Deformational Event 
Early Permian 
(278 ± 2 Ma) 
Swartberg folding and recrystallisation Cleavage S1 
forms.  Youngest rocks deformed are Dwyka glacials 
recently deposited but consolidating during this 
event. 
Mid to Late Permian 
(258 ± 2 Ma) 
Outeniqua folding and recrystallisation Cleavage S2 
forms.  Meirings Poort:  smaller scale gravity folding 
and décollement here or during/after first event. 
Late Permian to Early Triassic 
(247 ± 3 Ma) 
Second deformation (intensification) of the southern 
range (Outeniqua folds in George Anticlinorium) and 
formation of S3 solution cleavage.  Shearing and K-
Ar overprinting of old Groot Haelkraal granite.  
Mega-folding of southernmost lower Beaufort and 
Ecca Groups. 
Mid to Late Triassic 
(230 ± 3 Ma) 
Final deformation of all pre-Beaufort rocks by kink 
bands and lower Beaufort rocks by listric thrusts and 
a first, mild fold phase with fanning axial plane 
solution cleavage. 
Late Triassic 
(215 ± 5 Ma) 
Uplift and horizontal tension revealed by a kink 
phase. 
 
 
Figure 4.6: Illustrating the aquifer types in the Bushmans River Mouth and 
Kenton-on-Sea Area – shaded area(DWAF, 1995) 
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4.5.1 Fractured aquifers 
Table 4.6: Yields and Electrical conductivities of Bokkeveld and Witteberg 
aquifers 
 Bokkeveld Group Witteberg Group 
Yields >5L/s in sandstones 
<1L/s in shales 
(poorer water quality) 
>2L/s 
Electrical 
Conductivity (EC) 
200-300mS/m <100 mS/m 
 
(i) Bokkeveld Group 
The sand:clay ratio plays an important role quantitatively and 
qualitatively in the occurrence of groundwater, causing borehole yields 
and groundwater quality to vary widely. The shales are associated with 
poorer water quality (Table 4.6).  
Groundwater found in aquifers within the Bokkeveld Group generally 
contain a high proportion of sodium chloride. Sodium chloride and 
sulphates often exceed maximum recommended and/or allowable 
limits (Mouton 2002). This is thought to be inherent from the chemistry 
of an ancient depositional environment. Through the preferential 
erosion of the Bokkeveld shale, and irregular, impermeable basement, 
a thin succession of recent and modern dune sands have developed. 
This basement slopes seaward at ~2̊ and controls the specific flow of 
groundwater towards the sea.  
The importance of the Bokkeveld is not for its aquifer potential, but 
rather the role it plays as an aquiclude.  
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4.5.2 Intergranular Aquifers 
Intergranular aquifers dominate the surface geology of the area. Three 
intergranular coastal aquifers occur in the Algoa Group; i.e. the 
Alexandria and Nanaga Formations and the Schelmhoek Formation 
(Mouton, 2002). 
(i) Alexandria and Nanaga 
The Alexandria conglomerate is not laterally persistent and its 
occurrence is controlled mainly by the ancient topography of the 
underlying Bokkeveld shales. The conglomerate of the Alexandria 
Formation is important from the perspective of an aquifer because it 
often contains and transports water. 
Water infiltrates relatively rapidly through both these highly porous 
rocks to the contact with underlying, usually impervious Bokkeveld 
shales. On this contact the groundwater moves through conglomerate 
towards the sea, frequently emerging as springs near sea level (Figure 
4.7).  
 
Figure 4.7: Exposed cross section of showing the conglomeritic texture of the 
Alexandria Formation, unconformably overlying the Bokkeveld Group 
(black line showing the unconformity) 
Borehole yields and electrical conductivities are reflected in Table 4.6 
The groundwater here is generally potable. Groundwater from the Algoa 
Group generally displays a sodium-chloride-calcium enriched nature (Mouton, 
2002).  
(ii) Schelmhoek Formation  
This coastal sand aquifer occurs sporadically along the coast and is 
exploited near Bushmans River Mouth and behind Diaz Cross. Borehole 
yields and EC’s for the Schelmhoek Formation are tabulated in Table 
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4.6 
The groundwater quality is potable provided that boreholes do not 
extend into the underlying Bokkeveld shales, where inferior water 
quality might be obtained. Sodium, total alkalinity and chloride often 
exceed maximum allowable limits (Mouton, 2002). 
Groundwater in these coastal sands frequently occurs at levels <10m 
below surface. This phenomenon has been attributed to low 
topographic relief and favourable recharge conditions.   
4.6 Urban development (Demographics) 
The Ndlambe municipality is home to approximately 80 000 residents 
who live in 5 large urban areas, 5 coastal resorts, and 21 rural 
settlements. This is primarily an agricultural area, but also has a strong 
tourism base. Nearly half of the population lives in and around Port 
Alfred (Mouton, 2004). The coastal resorts of Bushmans and Kenton-
on-Sea, house 9 500 permanent residents.  
The ACWB services the towns of; Bushmans River Mouth, Kenton-on-
Sea, Harmony Park, Ekuphumleni, Marcelle and some small holdings 
and farms.  
According to the Department of Water Affairs’s (DWAF) national 
database, there are 14 701 people in greater Bushmans and Kenton-
on-Sea. The rest of the population is distributed in places such as 
Seafield, Kleinmonde, Cannon Rocks and Boknes.  
The popularity of these coastal resorts, is evident as a major influx of 
people occurs during the summer holiday periods. The additional 
seasonal population is estimated at around 35 000, with 15 000 of 
these visiting Bushmans River Mouth and Kenton-on-Sea, the rest visits 
the neighbouring resorts of Seafield, Kleinmonde, Cannon Rocks and 
Boknes. 
Bushmans River Mouth presently has four town planning applications 
under consideration (Table 4.8 and Figure 4.8).   
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Table 4.7: Total population of the greater Kenton-on-Sea/ Bushmans River 
Mouth (Mouton, 2005) 
AREA 1999 2005 REMARKS 
Kenton-on-Sea 650  Additional +/- 20 000 in 
peak holiday season 
Merry Hill 200   
Ekuphumleni 4 200   
Small 
Holdings/farms 
265  Farmers and workers 
SUB TOTAL 5 150 6 091  
Bushmans River 
Mouth  
300  Additional +/- 30 000 in 
peak holiday season 
80% of population > 60 
years 
Rivers Bend 200   
Marselle 4 037  40% of population <14 
years. Ereyeni Ext to have 
305 serviced erven 
Klipfontein 800   
SUB TOTAL 5 337  Plus ~ 23 000 holiday 
makers 
TOTAL 10 487 12 404  
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Table 4.8: Bushmans River Mouth Town Planning Applications under consideration 
Erf/Zoning Town Planner/Owner/Applicant Portions Zoning Uses 
343/agriculture Urban Dynamics 
Marlene Vosloo 
All Good Things 123 (Pty) Lts 
1-54 
Ptn 55 
Residential 1 
Transport 2 
Dwelling Houses  
Public Road  
346/Agriculture Urban Dynamics 
Irwing 360cc 
1-98 
99-100 
101-102 
103 
104 
105 
Residential 1 
Residential 2 
Business 1 
Open space 
Transport 2 
Agriculture 
Dwelling houses 
Group houses 
Business 
Open Space 
Public Road 
Agriculture 
348/7/Agriculture Urban Dynamics 
Infogold Investments 278cc 
1-51 
52 
53 
54-55 
Residential 1 
Business 5 
Institutional 3 
Transport 2 
Dwelling houses 
Service station 
Place of Worship 
Public roads 
348/17/Agriculture Nzelenzele Preston & Medcalf 
Summit Properties 
1-44 
45-116 
117-120 
121-124 
125-126 
Residential 
Residential 2 
Open Space 
Transport 1 
Transport 2 
Dwelling Houses 
Group Houses 
Open Space 
Private Roads 
Public Roads 
348/15/Agriculture Nzelenzele Preston & Medcalf 1-23 
26-31 
24 
25 
32 
Residential 2 
Residential 2 
Private Open Space 
Transport 2 
Open Space 
Group Houses 
Group Houses 
 
 
Road 
Total erven (includes roads/ open spaces) 373   
 
60 
N
Municipal erven
Pan 1
Pan 2
Pan 3
15/348
17/348
8/346
7/348
343
0 0.7 1.4 Kilometres
 
Figure 4.8: Map of the erven for the proposed development 
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4.7 Soils and Vegetation 
There is a gradation from coastal fynbos to coastal thicket in the Bushmans 
River Mouth Area. Thicket vegetation consists of woody shrubs and trees, 
which are fairly impenetrable. Dune thicket is common along the coastline, 
whereas Valley Bushveld penetrates into the interior up the river valleys.  
The vegetation in the study area, was found to be mainly weeds, some 
indigenous. According to Lubke & de Moor (1998) these plants are 
commonly found in moist areas and vlei’s (Figure 4.9, Figure 4.10, Figure 
4.11, Figure 4.12, Figure 4.13). 
 
Figure 4.9: Ricinus Communis, common exotic weed, found along roadsides, 
riverbanks and waste disposal sites (Lubke & de Moor, 1998) 
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Figure 4.10: Anagallis arvensis, common exotic weed, found in damp soils (Lubke & 
van Wyk, 1998) 
 
Figure 4.11: Gomphocarpus physocarpa, a weed, found along roadsides, unused 
land and vleis, water courses and veld (Lubke & van Wyk, 1998) 
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Figure 4.12: Conyza scabrida, an indigenous weed, found on occasion in dune 
slacks and moist vleis (Lubke & van Wyk, 1998) 
 
Figure 4.13: Helichrysum cymosum, indigenous, common in dune slacks, and found 
on margins of coastal scrub, dune fynbos and grasslands (Lubke & van Wyk, 
1998) 
The 1:250 000 Land Type Series map (1987), shows that the study area falls 
into category where the soil texture is classified by dominant grey Regis 
sands and red, yellow apedal horizons, which are freely drained soils. 
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Chapter 5: Materials and Methods 
5. Materials and Methods 
This chapter gives a broad overview of the various method used in obtaining 
data for the study. It broadly outlines the method then further gives step-
by-step descriptions on how these methods were carried out by the author.  
5.1 Sampling regime 
Fifteen sampling stations were selected for the collection of sediment 
samples. At each station, holes were augered, using an auger drill. Samples 
were collected at regular intervals, based on the changing layering. The 
sampling sites were positioned along the centre of the pans at 50m intervals 
(Figure 5.1). These samples were transported to the NMMU Geoscience labs 
for particle size analysis.  
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Figure 5.1: Map of augered boreholes 
5.1.1 Particle size analysis 
The particle size analysis was done by sieving and hydrometer tests.  
(i) Hydrometer 
Particle size distribution represents a rather stable soil characteristic and 
thereby is related to the physical and chemical properties of a soil. Particle 
size distribution has become a standard means of characterising and 
classifying the fine earth fraction of solid soil particles and aids in determining 
the appropriate soil texture class. The determination of the proportion of 
sand, silt and clay in a soil in different size ranges uses a mechanical analysis 
known as the Bouyoucos Hydrometer Method (Head, 1980). This method was 
developed in 1927, and is widely used for determining particle size analysis of 
soils (Bouyoucos, 1961). The different sized soil particles are separated by 
their different sedimentation rates. Larger particles will settle faster in a 
column of water, while smaller particles remain suspended in solution longer.  
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Head (1980) observed that before the percentages of particles can be 
calculated, individual soil particles must be separated from each other. Two 
means are used to separate the particles, mechanically and chemically. 
Mechanical stirring is effective at separating the larger particles from others. 
Chemical dispersion is used to separate the smaller sized particles. Sodium 
hexametaphosphate is an excellent chemical dispersing agent because it 
alters the chemical attraction between soil particles so that they repel each 
other.  
Essentially the whole idea behind this technique is sedimentation rates. The 
velocity at which particles settle can be calculated by using Stokes Law: 
 
( )



 −






=
n
ddgrV 212
9
2
 
Where r is the particle radius, g is the natural acceleration due 
to gravity, d1 is the density of the particle, d2 is the density of 
the liquid, and n is the viscosity of the liquid, this equation can 
be simplified to roughly 
28711dV =  
Where d is the diameter of the particle sizes in 
centimetres and v is measured in cm/sec. Because the 
density of water and its viscosity both change with 
increased temperatures, sometimes it is necessary to 
then apply a correction factor.  
This method is popular due its simplicity, rapidity and accuracy. 
For this study the Bouyoucos hydrometer method was followed using the following 
materials and the method is outlined as follows; 
Materials utilised: 
• Mortar and pestle 
• 2mm sieve 
• 100ml beaker 
• Distilled water 
• Sodium hexametaphosphate (dispersal agent) 
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• Settling cylinder (1000ml) 
• Hydrometer 
• Stop watch 
Method: 
• Glass beaker was filled with 50 grams of soil, and placed in 
drying oven. Dried overnight at 105ºC   
• The dried soil was transferred to a mortar and ground as 
much as possible to disintegrate the soil particles 
• The soil was transferred to a 2mm sanding sieve, and 
shaken vigorously to remove all soil particles greater than 
2mm.  
• Approximately 72 grams of soil sample was weighed out, 
and placed in a beaker. The beaker was filled with distilled 
water and 10ml of sodium hexametaphosphate (dispersal 
agent) was added. This mixture was then stirred for 3-4 
minutes.  
• The mixture was poured into the settling cylinder, and a 
squeeze bottle, filled with distilled water, was used to 
remove all sediment in solution from the beaker. 
• enough distilled water was added to ensure 1000ml of 
solution was in the cylinder.  
• A hand was placed over the top of the cylinder and shaken 
vigorously in an up and down motion; any circular motion 
was avoided as this will affect the settling rates. 
• Cylinder was placed on the table (Figure 5.2), recording 
time started, and the hydrometer was carefully placed in 
the solution. 
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Figure 5.2: Photograph of the settling cylinders, note the dark organic clays in 
suspension (on the left) 
 
• After 40 seconds, the hydrometer was read.  
• The above mentioned three steps were repeated until 
hydrometer readings were within 0.5 of each other. This 
could take up to five readings. The average of the 40-
second readings was recorded. 
• The temperature of the solution was recorded. For each 
degree above 18̊, 0.25 was added to the hydrometer 
reading. For each degree below 18̊, 0.25 was subtracted 
from the reading.  
• The suspension was shaken again, and the cylinder placed 
on the table. The hydrometer reading was taken after two 
hours (Figure 5.3), and corrected for the temperature of 
the suspension.  
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Figure 5.3: Photograph of one of the settling cylinders, taken after 2 hours, note 
the clay layer (1cm) above the sand settled at the bottom  
 
When the above technique is completed, one has the relative percentages for sand, 
silt and clay; this can then be used to determine the texture class using the soil 
texture triangle 
(ii) Sediment sieving 
For optimal sieving, mud was washed out. The following method was used; 
For this study the following materials and methods were used.  
 
Materials utilised:    
• 100ml glass beakers 
• Hot plate 
• NaCO3 
• Glass rod 
• Distilled water 
• O.63mm sieve 
 
Method: 
• Pre weigh beaker weight 
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• Measure out 40g of air dried sample in the beaker 
• Oven dry the samples for 12 hours at 100̊C 
• Remove samples from the oven, add 10ml of anhydrous NaCO3, and 
stir with glass rod. 
• Place glass beaker with the solution on the hotplate, and bring to boil, 
continually stirring with the glass rod.  
• Once boiled, carefully remove from hot plate, and leave to cool for a 
few minutes. 
• Then wash sample through the 0.63mm sieve, rinsing with distilled 
water, continue till the water is clear, wash back into the previously 
used pre-weighed beaker. 
• Place back in the drying oven at 80 ̊ C, for twelve hours, or until all 
the water has evaporated and the sample is dry and ready for sieving.  
• Then place in silica desiccators to cool down.  
For statistical analysis, the mud fraction was apportioned based on 
values seen in the hydrometer test into silt and clay fractions. These 
values were used in Gradistat to generate sediment statistics.  
(iii) Sieving 
Grain size analysis is an important tool for classifying sedimentary 
environments (Blott & Pye, 2001). Grain size is the primary property of 
sediment particles, affecting their environment, transport and deposition. To 
compare different sediments, grain size distributions have most frequently 
been described by their deviation from a prescribed ideal distribution. 
Sedimentologists have adopted the logarithmic Udden-Wentworth grade scale, 
where the boundaries between successive size classes differ by a factor of 
two. In 1934, Krumbein suggested that grade scale boundaries should be 
logarithmically transformed into phi (φ) values, using the expression φ= -log2 
d, where d is the grain diameter in millimetres. 
Grain size determinations were made on these samples by conventional 
sieving methods, using ½φ intervals (Table 5.1). 
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Table 5.1: Sieve analysis grade scale for BRM sediments 
Wentworth (1922) after Udden phi (φ) mm 
Granule -2 4 
Very coarse sand -1 2 
Coarse sand 0 1 
Medium sand 1 0.5 
 1.5 0.355 
Fine sand 2 0.25 
 2.5 0.18 
Very fine sand 3 0.125 
 3.5 0.09 
Coarse silt 4 0.063 
 5 0 
 
For this study the following materials and methods were used.  
 
Materials utilised: 
• Endecott Testing Sieve Shaker 
• King Test Laboratory Test sieves 
• Polytops for each fraction 
• Permanent marker 
• A 3 glossy black sheet of paper 
Method used 
• Remove oven dried sample from silica desiccators  
• Pour sample into column of sieves 
• Place column of sieves in Endecott Testing Sieve Shaker, for five 
minutes 
• One by one, remove each fraction sieve, remove sediment with a 
paintbrush, and sweep onto a glossy A3 sheet of paper.  
• Pour sample into a pre-weighed marked polytop 
• Weigh each fraction, by calculating the difference in weight between 
the pre- weighed polytop and the total weight. 
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5.2 Mapping 
Mapping of the three pans was done by using a Trimble GPS, to plot the 
various points and these were then later plotted in ArcGIS 9.2 to produce a 
digital elevation model (DEM). 
For this study the following materials and methods were used.  
 Materials utilised: 
• Trimble GPS 
• ArcGIS 9.2 
• ArcScene 
Method: 
• Trimble GPS was used to obtained the X (longitude), Y 
(latitude) and Z (altitude) co-ordinates. 
• These points were used to create a TIN (Triangular Irregular 
Network) 
• Once the TIN was created, it was used to create other raster 
images such as, hill shade, DEM’s and slope analysis 
• DEM was created by converting the TIN to raster. Once the 
DEM was created, the symbology was manipulated to a colour 
range that is best suited to the project’s needs.  
• The DEM was displayed in ArcScene, to get the visual 3D effect 
• The resistivity values were plotted on the DEM, in ArcScene 
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5.3 Infiltrometer 
Infiltration rate of the soils in the three pans were measured using a double 
ring infiltrometer. This consists of an inner and outer ring, the outer ring aids 
in the one dimensional, vertical flow beneath the inner ring. The method 
followed in this project was the ASTM method D3385. This consisted of 
driving two open cylinders, one inside the other, into the ground and partially 
filling the rings with water, and maintaining this liquid at a constant level. The 
volume of liquid added to the inner ring, to maintain the liquid level constant 
is the measure of the volume of liquid that infiltrates the soil. The volume of 
water infiltrated during timed intervals is converted to an incremental 
infiltration velocity, expressed in centimetre per hour and then plotted against 
elapsed time. The average incremental infiltration velocity, depending on the 
purpose of the test is equivalent to the infiltration rate.  
This test method is useful for field measurement of infiltration rate of soils. 
Infiltration rates have application in artificial recharge schemes, in that the 
average infiltration of the proposed site can be determined. Although the 
units of infiltration rate and hydraulic conductivity are similar, there is a 
distinct difference between these two quantities. They cannot be directly 
related unless the hydraulic boundary conditions are known, such as the 
hydraulic gradient and the extent of the water’s lateral flow, or if these can be 
reliably estimated.  
There are many factors that influence the infiltration rate, such as soil 
structure, soil layering, the condition of the soil, surface, the degree of 
saturation of the soil, chemical and physical nature of the soil and of the 
applied liquid, the head of the applied liquid, the temperature of the liquid, 
and the diameter and depth of the embedment of rings. Therefore the tests 
that are conducted at the same site are not likely to give the identical results. 
For this study the ASTM method D3385 was followed and the following materials 
and the method is outlined below;  
Materials utilised: 
• double ring infiltrometer (15cm and 30 cm diameter) 
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• Mariotte siphons x2 
• 100l water tank 
• A hoe or spade 
• Data sheet for capturing of water infiltrated 
 
Method: 
• A site was chosen in each of the pans, preferably as level 
as possible (Figure 5.4). As each pan was vegetated, a hoe 
was used to remove the upper vegetation and a spade was 
used to remove the overlying organic layer.  
• The inner and outer rings were both marked at 5, 10 and 
15 cm intervals.  
• A piece of wood was placed horizontally on top to aid 
hammering of the outer evenly into the ground. The outer 
ring was hammered in to a 15 centimetre depth, and the 
inner ring to a 10 centimetre depth.  
• Water was poured in slowly to a 5 centimetre height; this 
level was maintained by using a Mariotte siphon. 
• The Mariotte Siphon’s were filled, as water was let out. 
Once flow from the siphons had started and as soon as the 
fluid level of both rings became constant, monitoring 
commenced (Figure 5.5). 
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Figure 5.4: Locality of infiltration tests 
 
• For a one hour test, readings were taken every five minutes until the 
elapsed time had reached 15 minutes, thereafter every 10 minutes, 
until 65 minutes had elapsed.  
• During the three and four hour tests, readings were taken every five 
minutes until the elapsed time had reached 15 minutes, thereafter 
every 10 minutes until 65 minutes had elapsed. After this, readings 
were taken every 15 minutes until the completion of the infiltration 
test. 
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Figure 5.5: Double ring infiltrometer in the field 
• Liquid level was maintained at 5 centimetres in both the 
outer and inner ring, to prevent flow of water from one ring 
to another.  
The volume of the liquid used during each measured time interval was converted 
into an incremental velocity for both the inner ring and annular space using the 
following equation; inner ring: 
   ( )tAVV IRIRIR ∆∆= ./  
 Where;  IRV  = inner ring incremental velocity, cm/hr  
IRV∆  = volume of liquid used during time interval to maintain 
   constant head in the inner ring, cm3 
   IRA  = internal area of the inner ring, cm
2, and 
 -77- 
   t∆  = time interval, h  
 For the annular space between rings; 
( )tAVV AAA ∆∆= ./  
 Where;  AV  = annular space incremental velocity, cm/hr  
AV∆  = volume of liquid used during time interval to maintain 
   constant head in the annular space, cm3 
   AA  = internal area of the annular space, cm
2, and 
   t∆  = time interval, h  
The above equations were used to create plots of incremental infiltration rates 
versus total elapsed time. 
5.4 Geophysical Survey: Resistivity   
A resistivity survey is one of the geophysical surveys that are often applied in 
shallow groundwater studies (Fitts, 2002).  
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Figure 5.6: Vertical cross sections illustrating the principles of resistivity methods 
(top) and electromagnetic methods (bottom). Current flow is indicated by blue 
arrows (Fitts, 2002) 
 
In a typical resistivity survey, a steady subsurface electrical field is created by 
forcing direct current through two current electrodes planted at the ground 
surface or down boreholes (Figure 5.6). The potential differences (voltage) 
are measured between two other electrodes located between the current 
electrodes. Fitts (2002), states that a mathematical model is then used to 
simulate the observed voltages and current, resulting in estimates of the 
electrical resistance (or conductivity) of the subsurface materials. All other 
factors being constant, the voltage drop between the potential electrodes is 
proportional to the resistance of the subsurface. The simplest resistivity 
models assume a homogenous distribution of resistivity, and more 
sophisticated models allow a heterogeneous distribution of such a sequence 
of layers. The main factors that control resistivity are the concentrations of 
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ions (ionic strength) in the pore water and the amount of pore water present, 
since current is mostly conveyed by flowing ions in the pore water. Hence, the 
higher the water content, and the higher ionic strength, the lower the 
resistivity. On the other hand, clay minerals, with their charged surfaces and 
associated boundary layers of attracted ions, also contribute to low resistivity.  
Yoon & Park (2001) concluded from investigating the sensitivity of the 
leachate and clay content of sandy soils, by using electrical resistivity, that the 
variation of soil resistivity is highly influenced by both variations in water 
content and the chemical composition of the pore fluid.  
The resistivity parameter is well suited for water infiltration monitoring. 
Benderitter & Scott (1999), looked at short term variation of resistivity in an 
unsaturated soil and it’s relation to rainfall, and from this concluded that there 
is a slight variation in resistivity (a few %) which can be measured during 
rainfall.  
For groundwater studies, the Wenner, Schlumberger and dipole-dipole arrays 
are commonly used. In this groundwater study at Bushmans River Mouth, the 
Wenner array was utilised.  
Wenner based on the work of Schlumberger suggested that a linear array of 
four equally spaced electrodes would minimise the soil-electrode contact 
problems if the potential measuring and current induced electrodes are 
separated in space.  
The Wenner array consists of equally spaced, in line electrodes (Figure 5.7).  
 
BA M N
a a a
O
 
Figure 5.7: Wenner configuration 
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Where O is the point of origin, A, M, N, and B are the electrodes and a is 
the distance apart from the respective electrodes.  
The formula for calculating apparent resistivity from a Wenner measurement is: 
 





=
I
V
aR pi2  
Where; a = electrode spacing 
  V = measured voltage 
  I = current 
The advantages of a Wenner array are, according to ASTM, (2005): 
1. This array provides a higher signal to noise ratio than other 
arrays because its potential electrodes are always further apart 
and located between the current electrodes. As a result, the 
Wenner array measures a larger voltage for a given current 
than is measured with other arrays. 
2. The Wenner array is good in high-noise environments, such as 
urban areas 
3. This array needs less current for a given depth capability. This 
translates into less severe instrumentation requirements for a 
given depth capability.  
This method assesses the electrical properties of subsurface materials and 
their pore fluids, using the direct current (DC). Measurements of electrical 
properties of subsurface materials are made from the land surface and by this 
yield an apparent resistivity. These data can then be interpreted to yield an 
estimate of the depth, thickness, and resistivity of subsurface layers (ASTM, 
2005). 
For this study the Wenner configuration was utilised and the following materials 
and method are outlined below.  
Materials utilised: 
• Measuring tape 
• Resistivity Meter 
• Electrodes 
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• 2 small sledge hammers 
• Insulted electrical wires 
Method: 
• Wenner configuration was used, see Figure 5.7.  
• 10 tests were run per pan, where possible, in intervals where a was 
equal to 1, 2, 3 and 4, thereby giving readings at 3, 6, 9, and 12 
metre depths (Figure 5.8).  
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Figure 5.8: Location of resistivity surveys 
5.5 Data Analysis 
• MS Excel- data input and manipulation 
• Sigma Plot 10- used for generating graphs 
• Gradistat (Blott & Pye, 2001) was used in the classification of the 
sediments.  
• MS PowerPoint- used to edit graphs and photographs 
• Rockwork 2002- generating resistivity contours 
• ArcGIS- generating maps and DEM’s 
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Chapter 6: Results 
6. Results 
The results of this study will be discussed under the following headings;  
• Particle size analysis of soils 
• Geophysical survey 
• Infiltration tests 
6.1 Particle size analysis of soils  
Table 6.1.: Percentage mud fraction washed out before sand sieving of pan 1  
samples 
 
A1  A2  A3  A4 
depth 
(cm) 
%mu
d 
 depth 
(cm) 
%mu
d 
 depth 
(cm) 
%mu
d 
 depth 
(cm) 
%mu
d 
30 13.09  10 31.44  25 13.48  31 36.05 
35 14.85  17 30.31  40 9.66  42 24.16 
55 15.09  38 36.73  64 9.70  65 21.61 
80 11.54  50 24.79  70 15.19  90 12.40 
102 10.86  65 16.76  95 12.67  100 16.73 
111 8.64  80 12.73     112 24.76 
121 7.57  90 21.00       
   92 2.30       
   117 17.55       
 
A5  A6  A7  A8 
depth 
(cm) 
%mu
d 
 depth 
(cm) 
%mu
d 
 depth 
(cm) 
%mu
d 
 depth 
(cm) 
%mu
d 
15 18.01  20 9.62  15 16.99  28 12.50 
32 24.36  40 18.17  30 20.96  40 10.62 
61 20.66  51 20.83  40 18.91  65 19.27 
74 25.08  72 16.60  57 14.77  79 15.56 
81 28.40  85 12.89     87 24.41 
91 30.72  100 12.28     90 33.24 
116 27.30  110 14.88       
   122 16.54       
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Table 6.2: Percentage mud fraction washed out before sand sieving for pan 2 
samples 
B1  B2  B3  B4 
depth 
(cm) 
%mud  depth 
(cm) 
%mud  depth 
(cm) 
%mud  depth 
(cm) 
%mud 
35 13.56  35 11.81  52 14.85  21 66.08 
62 10.68  46 14.08  120 24.21  82 28.16 
72 11.40  84 10.95     95 34.48 
87 9.55  100 11.90     120 32.19 
96 17.37          
 
B5  B6  B7    
depth 
(cm) 
%mud  depth 
(cm) 
%mud  depth 
(cm) 
%mud    
32 30.05  32 21.13  28 11.76    
53 23.62  52 17.01  38 22.81    
75 30.23  68 22.67  58 17.90    
82 25.50  93 24.97  78 9.60    
130 26.18     120 18.12    
 
 
6.1.1 Frequency distribution curves 
The results of the sieving analysis of the sieving analysis for the sampling 
stations for pan 1 are presented in Figure 6.1 to Figure 6.4.  
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(i) Pan 1 
 
 
Figure 6.1 Grain size frequency distribution curves for station A1 and A2 
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Figure 6.2: Grain size frequency distribution curves for stations A3 and A4 
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Figure 6.3: Grain size frequency distribution curves for station A5 and A6 
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Figure 6.4: Grain size frequency distribution curves for station A7 and A8 
Stations A3, A4, A6-A8, all showed to be unimodal and moderately well sorted 
(Figure 6.2, Figure 6.3 and Figure 6.4).  
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Station A2, showed some variation, with most of the samples being bimodal 
and the rest are unimodal and poorly sorted (Figure 6.1). Sampling station A5 
(Figure 6.3) is highly variable, with samples that vary between unimodal, 
bimodal, and trimodal. The sorting of these samples also varies from being 
moderately well sorted to poorly sorted.  
The sampling stations in pan 1, vary with 3φ fraction with an decrease in 
depth. A1 and A2 show a significant variation in mud content in mud fraction, 
with A1 varying in clay content and A2 varying in the silt and clay fraction.  
Sampling stations A3 to A8 show an increase with depth in the 1 1/2φ and 2φ 
fraction.  
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(ii) Pan 2 
The results of the sieving analysis for the sampling stations for pan 2 are 
presented in Figure 6.5 to Figure 6.8.  
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Figure 6.5: Grain size frequency distribution curves for stations B1 and B2 
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Figure 6.6: Grain size frequency distribution curves for stations B3 and B4 
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Figure 6.7: Grain size frequency distribution curves for stations B5 and B6 
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Figure 6.8: Grain size frequency distribution curves for station B7 
All samples in pan 2, are unimodal and moderately sorted (Figure 6.5- Figure 
6.8).  
Variation is seen in the 3φ fraction for all B samples. Sampling stations B1, B4, 
B6 and B5 show variation in the 1φ and 2φ fractions.  
Sampling stations in pan 2 show a slight variation in mud content, with an 
increase in the clay fraction.  
6.1.2 Hydrometer analysis 
The hydrometer results are presented in Figure 6.9- Figure 6.19. In general, 
the samples had a high proportion of clay compared to silt. The data obtained 
from the hydrometer tests are plotted in stratigraphic columns together with 
the mud analysis from Table 6.1 and Table 6.2. These plots from the mud 
analysis give a clear indication of sediment variation with depth.   
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Figure 6.9: Sand, Silt and Clay diagram for A1 
 
Figure 6.10: Sand, Silt and Clay diagram for A2 
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Figure 6.11: Sand, Silt and Clay diagram for A3 
 
 
Figure 6.12: Sand, Silt and Clay diagram for A4 
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Figure 6.3: Sand, Silt and Clay diagram for A5 
 
Figure 6.13: Sand, Silt and Clay diagram for A6  
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Figure6.4: Sand, Silt and Clay diagram for A7 
 
Figure6.5: Sand, Silt and Clay diagram for A8 
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Figure 6.14: Sand, Silt and Clay diagram for B1 
 
Figure 6.15: Sand, Silt and Clay diagram for B2 
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Figure 6.16: Sand, Silt and Clay diagram for B3 
 
Figure 6.17: Sand, Silt and Clay diagram for B4.  
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Figure 6.18: Sand, Silt and Clay diagram for B5 
 
Figure6.6: Sand, Silt and Clay diagram for B6 
 -101- 
 
Figure 6.19: Sand, Silt and Clay diagram for B7 
6.1.3 Profiles  
The mud content of each sample was determined by washing out the 0.63mm 
fraction of each sample. The percentage mud versus depth of borehole was 
plotted on the graphs.  
 
Figure 6.20: Legend of created profiles
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Figure 6.21: Profile, mud and sand content of sample A1 & A2 
Figure 6.21, shows a general decrease in mud content for sampling station A1 
from 12 % to 7%.  
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When this station was sampled it was noted that with an increase in depth, 
there was a lightening in colour from dark brown to a lighter brown in 
sediment. 
Sampling station A2 showed a general decrease in mud content, with some 
variation at 90cm (Figure 6.21) 
When this sample was collected it was observed that the sample became 
clayey at the first few depth intervals. The sediment was of a sandy texture at 
92cm and a lighter brown, then sediment became a darker grey and moisture 
was present.  
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Figure 6.22: Profile, mud and sand content of sample A3 & A4 
A variation in the mud content with depth was observed at sampling station 
A3, from 14% to 12%, with variation at ~70cm. 
Sampling these intervals revealed an increasingly dark and clayey texture with 
an increase in depth, with sediment becoming damp at 89cm (Figure 6.22). 
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In Figure 6.22 sampling station A4 shows a general decrease in mud content.  
Field observation indicated that there was a slight increase in sandy texture of 
the soil with depth, with a slight increase of clay at 100cm. 
 
Figure 6.23: Profile, mud and sand content of sample A5 & A6 
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Sampling station A5 showed a general increase from 18% to 26% in mud 
content with an increase in depth (Figure 6.23). 
Upon collection of samples in the field, it was observed that there was a 
sandy texture of samples with an increase in clay content with depth, and 
accompanied with this was the increasing darkness in brown colour of 
sediment.  
Figure 6.23 shows that sampling station A6 shows an increase in mud content 
with depth from 9% to 16%. 
Observations in the field indicated that sediment became progressively darker 
with depth, but at 72cm, it became lighter again. The samples also became 
wet and darker with an increase in depth.  
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Figure 6.24: Profile, mud and sand content of sample A7 & A8 
Figure 6.24 shows sampling station A7 illustrating decrease in mud content 
from 17% to 13%.   
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A sandy texture was observed at 15cm to 30cm with the decrease in mud 
content, the sediment became increasingly wet and within 5 minutes the 
augered hole had filled up to ~20cm, from the surface  
Sampling station A8, showed a general increase in mud content from 14% at 
28cm to 34% at 90cm (Figure 6.24).  
A sandy texture was observed at first in the field, light brown in colour. With 
an increase in depth samples became a dark brown colour and more clayey in 
texture. 
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Figure 6.25: Profile, mud and sand content sample B1 & B2 
Sampling station B1 shows a decrease in the mud content, from 14% to 17% 
(Figure 6.25).  
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A more sandy and light brown colour was observed at shallower levels, then 
at 96cm, the sample became dark in colour and had a clayey texture.  
Sampling station B2 showed some slight variation in mud content(Figure 
6.25).  
A sandy texture and a lighter brown colour was observed just before 97cm. 
then at 97cm, a darker brown colour was observed, with the presence of 
moisture.  
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Figure 6.26: Profile, mud and sand content of sample B3 & B4 
Figure 6.26 shows that sampling station B3 has a clear increase in the mud 
content with depth from 15% to 25%. 
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A light brown sandy texture was observed then grading into a dark grey 
clayey texture.  
Sampling station B4 shows a general decrease in mud content from 50% to 
35% mud (Figure 6.26).  
It was observed upon sampling this station that the upper layers were more 
clayey and dark grey brown in colour. With the increase in depth, there was a 
decrease in mud content and sediment became sandier in character and 
lighter brown in colour.  
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Figure 6.27: Profile, mud and sand content of sample B5 & B6 
As seen in Figure 6.27, the sampling station B5 shows a general decrease in 
mud content from 30% to 26%, with variation from at 70m.   
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At the outset, it was found that this hole was very hard to auger, due to the 
high concentration of clay material present. At first a clayey texture was 
observed at 32cm depth interval. The sediment became increasingly sandy 
and lighter brown in colour, then graded into a clayey texture again, but with 
some moisture present.  
Sampling station at B6, showed a general increase of mud content from 
~21% at 32cm to 25% (Figure 6.27).  
At first a dark brown, clayey texture was observed then at a decrease of mud 
content to 15% at 52cm, a lighter brown, sandier texture was observed. With 
the increase in depth, a dark grey brown clay texture was seen.  
 
Figure 6.28: Profile, mud and sand content of sample B7 
Figure 6.28 shows an increase in mud content for sampling station B7, from 
12% to 18% 
At first a light brown, grey sandy top soil is observed, with the increase in 
depth, sediment becomes dark grey brown and filled with moisture. At the 
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deeper levels, sediment becomes a lighter grey and has a sandier texture, 
which then grades into a black more clayey texture.  
6.2 Infiltration tests 
6.2.1 Pan 1 
The results of the infiltration tests in pan 1 are presented in Figure 6.29, 
Figure 6.30 and Figure 6.31.  
 
Figure 6.29: Incremental infiltration velocities vs. time for Station 1, pan 1 (one 
hour) (dotted green line = average infiltration rate, for outer ring) 
The infiltration rate of the inner ring reached a constant infiltration rate of 
1cm3/hr after 10 minutes (Figure 6.29). The infiltration rate of the inner ring 
remained constant throughout the duration of the test. However, the 
infiltration rate of the outer ring was highly variable from the commencement 
of the test, through to its completion. Due to the extreme variability of the 
infiltration rates, the additional tests in this pan were run for four hours 
(Figure 6.31). 
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Figure 6.30: Incremental infiltration velocities vs. time for station 2, pan 1 (one 
hour) (dotted pink line = average infiltration rate for outer ring, solid green 
line = average infiltration rate for inner ring) 
Figure 6.30 shows the inner ring as being fairly constant for the first 30 
minutes and highly variable for the duration of test. The infiltration rate of the 
outer ring is variable in the first 15 minutes, constant until 30 minutes, and 
becomes variable for the duration of the test.  
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Figure 6.31: Incremental infiltration velocities vs. time for Station 5, pan 1 (four 
hours) (solid green line = average infiltration rate for outer and inner ring) 
The inner ring shows a rapid increase during the first half an hour, after which 
the infiltration rate becomes fairly constant at 0.7cm3/hr (Figure 6.31). The 
infiltration rate of the outer ring increases within the first 10 minutes, and 
then remains stable for the next 80 minutes. At 100 minutes there is a 
decrease in infiltration rate of the inner ring. The infiltration rate increases at 
150 minutes, after this it then stabilises at 0.5cm3/hr for the remainder of the 
test.   
6.2.2 Pan 2 
The results of the two infiltration tests run in pan 2, are presented in Figure 
6.32 and Figure 6.33. 
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Figure 6.32: Incremental infiltration velocities vs. time for station 3, pan 2 (three 
hours) (solid green line = average infiltration rate for outer ring, dotted green 
line = average infiltration rate of inner ring) 
The infiltration rate for the outer ring was variable and exhibited a fairly 
steady decrease over the entire experiment (Figure 6.32). The inner ring 
infiltration rate showed a similar pattern but at 80 minutes, the infiltration rate 
becomes constant at ~0.3cm3/hr.   
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Figure 6.33: Incremental infiltration velocities vs. time for station 4, pan 2 (three 
and a half hours) (solid green line = average infiltration rate for inner ring, 
dotted green line = average infiltration rate of outer ring) 
The results of the infiltration test for station 4 are presented in  Figure 6.33. 
in contrast to station 3 in pan 2, similar patterns in variability of infiltration 
rates are evident, for the inner and outer ring.  
6.2.3 Pan 3  
Infiltrometer tests could not be run in pan three, as it was filled with water. 
The following photo’s show the progressive infiltration of pan 3 over 18 
months (Figure 6.34, Figure 6.35, Figure 6.36 and Figure 6.37 ).  
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Figure 6.34:  Photograph of the third pan, note the pan is dry, taken standing on 
ridge looking in a north easterly direction (7 June 2006) 
 
Figure 6.35: Photograph showing third pan filled with water, taken standing on 
ridge between pan 2 and 3, looking in a south westerly direction (17 
November 2006) 
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Figure 6.36: Photograph of the third pan, with less water, taken in a south westerly 
direction (29 March 2007) 
 
Figure 6.37: Photograph of the dry third pan, taken in a south westerly direction (4 
December 2007) 
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6.3 Geophysical survey 
6.3.1  Resistivity 
The results of the resistivity measurement are presented in Figure 6.38, 
Figure 6.39 and Figure 6.40.   
The resistivity values of pan 1 vary mainly between 0 and 1000 ohm.m, 
except for stations A3, A8 and A10 (Figure 6.38). Stations A1, A2, A3, A8 and 
A10 decrease slightly with depth, while stations A4, A5, A6, A7 and A9 are all 
relatively consistent with depth.  
 
 
Figure 6.38: Resistivity values for Pan 1 
Resistivity readings at stations B2 – B9 vary between 50 and 100 ohm.m. All 
stations in pan 2 show some sort of variation with depth (Figure 6.39). B2 –
B9 are similar in range from 50 ohm.m to 100ohm.m. Stations B1 and B10, 
are higher and vary between 150ohm.m and 300ohm.m.  
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Figure 6.39: Resistivity values for Pan 2 
All stations in pan 3, with the exception of C3 (Figure 6.40) show a slight 
increase with depth. Values vary between ~20 and 50ohm.m.  
 
Figure 6.40: Resistivity values for Pan 3 
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The data from these graphs were modelled and presented in vertical and horizontal 
sections (Figure 6.41 and Figure 6.42).  
 
Figure 6.41: Horizontal section of contoured resistivity readings, at 3m, 6m, 9m, 
and 12m 
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Figure 6.42: Vertical section through pans 1, 2 and 3 of contoured resistivity 
readings at 3m, 6m, 9m, and 12m 
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Chapter 7: Discussion 
7. Discussion  
The discussion is based on the results found during this study, and will be 
discussed under the following headings; 
• Cross section 
• Particle size distribution 
• Infiltration 
• Resistivity 
7.1 Cross section 
The cross sections of pan 1 showed the dominance of sandy loam in the 
upper layers of the pan. Loamy sand dominates the middle levels of the 
boreholes. There are sand lenses present in the first three boreholes, in the 
lower reaches (Figure 7.1).  
Cross section of pan 2, sandy loam dominates the upper reaches of the pan, 
while loamy sand dominates the middle levels. Sand lenses are  present in the 
top and bottom boreholes, also both in the lower reaches.  When compared to 
the section created by Jolly (1983), there were similarities (Figure 7.1). These 
similarities are in the upper reaches of the pans, which showed that they were 
mostly sandy, with a dominant 3φ fraction, even with Jolly (1983)’s section 
being a lot deeper than the pan sections created (Figure 7.2).  
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Figure 7.1: Cross section of boreholes A1 - A8 in pan 1 (green is the location of the 
infiltrometer tests) 
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Figure 7.2: Cross section of boreholes B1 - B7 in pan 2 (green is the location of the 
infiltrometer tests) 
 
Figure 7.1: Cross section through Klipfontein Vlei (Jolly, 1983) 
Figure 7.1 also illustrates the 2̊ seaward sloping Bokkeveld, overlain by 
unconsolidated and semi-consolidated calcareous sands. The Bokkeveld 
slopes obliquely towards the sea.  The slope of the weathered surface of the 
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Bokkeveld formations appears to control the groundwater flow direction, this 
was revealed by the resistivity surveys.  
7.2 Particle size distribution 
The mean grain size of samples taken from both pans is 3φ (0.125mm). This 
is attributed to the study area being located in a back dune area, where this 
size fraction is dominant. However, there is a substantial presence of fine mud 
(6φ and 9φ) content in some of the samples. This was observed when running 
the hydrometer tests and while washing the mud fraction out of samples.  
Jolly (1983), observed that during periods of heavy rains, the inland valleys, 
such as the one the Klipfontein Stream flows into, become flooded just behind 
the dune ridge forming temporary vleis. With this, Tredoux (pers.comm, 
2006) suggested that if the area had been subjected to flooding, there may 
be layers of fine material and then perhaps removal of some of the top layers 
of the overburden, which may hold this fine material, may be necessary. The 
presence of fine material has been confirmed by the particle size analysis of 
samples A1 and A2. This has further revealed a relatively high content of fine 
material in the upper, shallower layers of the vlei, as was observed for 
samples B4 and B5.  
Borehole logs for A1 (pan 1) through to B7 (pan 2) (Appendix 1), shows a 
significant amount of mottling, with an increase in depth. This mottling is due 
to the morphological properties of soil when it gets wet. Soil particles are 
usually found associated with oxygen 
(www.des.state.nh.us/factsheets/wetlands/wb-4.htm). When this oxygen is 
displaced by water for a prolonged period of time it results in an anaerobic 
environment which causes a chemical reduction in some of the soil 
components. This reduction is seen in the soil colour. An oxidised soil would 
have bright colours such as, tan, red, orange, or yellow, as was observed in 
pan 1. A reduced soil would have dark colours, such as black, dark, brown or 
grey, which is mainly seen in pan 2. Seasonally wet soils which are alternately 
saturated and oxidised are usually mottled. Mottles are streaks or spots of 
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different colours. The abundance, size and colour of the mottled reflect the 
duration of the saturation. With mottling being present at depths in both 
pans, albeit much less in pan 2, this is evidence which confirms the area as a 
wetland.  
7.3 Infiltration 
The following photographs show the long retention time of water in pan 2.  
 
Figure 7.3: Photograph of the pan 2, note there is no water. Taken in a ENE 
direction (9 July 2006) 
 
Figure 7.4: Photograph of the pan 2, after the August 2006 floods, looking straight 
down the pan, taken in a north easterly direction (5 August 2006) 
 
Figure 7.5: Photograph showing water in pan 2 taken looking straight down the 
middle of the pan, taken in a north easterly direction (17 November 2006) 
Figure 7.3, Figure 7.4. and Figure 7.5, show the progressive infiltration of 
water in pan 2.  The water had a long retention time in the pan 2 and 3, also 
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there is a continuous flow of water into pan 3, as the Klipspruit river flows 
into pan 3.  
Infiltration rates have application in artificial recharge schemes, in that the 
average infiltration of the study site was investigated. 
Four out of the five infiltration tests ran showed an increase in the infiltration 
rate and thereafter the rate became constant. This is generally what is 
observed, in sandy soils. The one hour test run in pan 2 did not show the 
same pattern as the others, this could possibly be due one of three factors or 
a combination of two or all three; 
1. The presence of sand lenses, these sand lenses were seen in the 
sections created based on the data obtained from the augered 
boreholes (Figure 7.1 and Figure 7.2).   
2. The presence of finer clay material due to area being subjected to 
flooding.  
3. The presence of calcrete horizons, impeding flow of water thereby 
forming a perched water table at certain points (Jolly, 1983).  
As seen in the cross sections there are sand lenses at various depths in the 
pans. The reasoning for the marked changes in infiltration, the steep 
increases then the gradual decline in the infiltration, is the sand lenses seen in 
the cross sections created.  
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Table 7.2: Average infiltration rates of study site 
  
Location of 
test 
 
duration 
Average 
infiltration  
rate 
Pan 1 1 1 hour 1.2cm3/hr 
 2 1 hour 0.6cm3/hr 
 5 4 hours 0.5cm3/hr 
Pan 2 3 3 hours 0.35cm3/hr 
 4 31/2 hours 0.6cm
3/hr 
  
There are many factors that influence infiltration rate such as: soil structure, 
soil layering, the degree of saturation of the soil, and therefore tests 
conducted in the same pans will not give identical results. 
Infiltration test 5 falls in the region of boreholes A1 and A2, these sampling 
stations show a significant amount of mud in their upper levels. Infiltration 
tests 3 and 4 fall into the region where boreholes B4 and B5 were sampled. 
These stations show a considerable amount of mud in their profiles (Figure 
7.1 and Figure 7.2).  
Although the units of infiltration rate and hydraulic conductivity are similar, 
there is a distinct difference between these two quantities. They cannot be 
directly related unless the hydraulic boundary conditions are known, such as 
the hydraulic gradient and the extent of the water’s lateral flow, or if these 
can be reliably estimated. However, Bianchi et al. (1978), cautions that the 
estimates of recharge rates which are based on soil surface texture (to a 
depth less than 140cm), soil columns, or infiltrometer data can be at least ten 
times the operational recharge rate. Reynders (1984) measured the hydraulic 
gradient at 1:161, and the average infiltration rate of the study area was 
measured at 0.5cm3/hr. 
The photo’s that were taken progressively of the three pans show the long 
retention time of water in the area. This is due to the presence of clay, which 
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slows down infiltration. Jolly (1983), noticed the presence of calcrete horizons 
in the Klipfontein Vlei, and concluded this to be the reason for the perched 
groundwater table. Therefore water was retained in certain parts of the pans. 
According to Murray & Tredoux (1998) when artificial recharge commences, 
the infiltration rate is equal to the percolation rate (rate at which water is able 
to move downward through the soil and is dependent on the coefficient of 
permeability in the vertical direction). At the point of entry into the aquifer, 
clogging occurs by the deposition of particles carried in suspension or in 
solution, by algal growth, colloidal spreading and soil dispersion, microbial 
activity, etc. the entrance resistance increases as the soil pore openings 
become sealed. With time the entry velocity is only a fraction of its original 
value. Figure 7.6 shows this relationship, and includes the planned duration of 
each recharge run and the probable production entry rate.   
Therefore with the considerable presence of mud measured in this study, 
clogging might occur and slow down the percolation rate.  
 
Figure 7.6: Decrease of entry value with time (Tredoux & Murray, 1998) 
The preferred method of artificial recharge, is using the spreading basin 
method. Another option would be to look at seepage trenches. This would 
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require that the overlying clayey layers be removed, trenches dug and filled 
with coarse sand and the area then flooded. This method proved successful in 
Germany (Todd & Mays, 2005) 
7.4 Resistivity 
Resistivity readings, as seen in the graphs and the DEM contour map, vary in 
each pan.  
A digital elevation model (DEM) was prepared by using the GPS data obtained 
and contouring the resistivity values. The primary aim of the DEM was to aid 
the visualisation of the resistivity measured and add to the understanding of 
the overall groundwater picture.  
 -135- 
#
##
#
# #
#
#
#
#
#
#
#
#
# #
#
#
#
#
#
#
#
#
#
A1
A2A3
A4
A5
A6
A7
A8
A9
B1
B2
B3
B4
B5
B6
B7
B8
B9
C1
C2
C3
C4
C5
C6
B10
A10
Pan 1
Pan 2
Pan 3
Resistivity Values (ohm.m)
# 22 - 116
# 116 - 244
# 244 - 492
# 492 - 2370
# 2370 - 3521
N
Resistivity Values (ohm.m)
# 0 - 49
# 50 149
# 150 - 499
# 500 - 999
# > 10000 0.1 0.2 0.3 0.4 Kilometres
 
 
Figure 7.7: Resistivity values of pan 1 - 3, at 3m 
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Figure 7.8: : Resistivity values of pan 1- 3, at 6m 
 -137- 
#
##
#
# #
#
#
#
#
#
#
#
#
#
# #
#
#
#
#
#
#
#
#
#
A1
A2A3
A4
A5
A6
A7
A8
A9
B1
B2
B3
B4
B5
B6
B7
B8
B9
C1
C2
C3
C4
C5
C6
B10
A10
Pan 1
Pan 2
Pan 3
Resistivity Values (ohm.m)
# 0 - 40
# 40 - 119
# 119 - 236
# 236 - 595
# 595 - 1479
N
Resistivity Values (ohm.m)
# 0 - 49
# 50 -149
# 150 - 499
# 500 - 999
# > 10000 0.1 0.2 0.3 0.4 Kilometres
 
 
Figure 7.9: Resistivity values of pan 1- 3, at 9m 
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Figure 7.10: Resistivity values of pan 1- 3, at 12m 
There is a gradual decrease in resistivity values from pan 1 through to pan 3 
(Figure 7.7, Figure 7.8, Figure 7.9, and Figure 7.10). This coincides with the 
presence of water (water present at surface of pan 3, at time of conducting 
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resistivity tests). Although, even with an increase in depth, from 3m to 12m, 
the resistivity values for pan 3 are relatively low.  
Resistivity values for pan1, showed to be the highest values, pan 2’s values 
were lower than pan 1, but higher than pan 3. The Resistivity values for pan 3 
were the lowest.  
These values compare favourably with Jolly’s (1983) results, where he found 
that where the surface horizon is comprised of a sandy soil, the characteristic 
resistivities are in the range of 57 – 500ohm.m, this was dependent on the 
moisture content of the soil.  
Descloitres et al. (2003), found a correlation between low resistivity values 
and water flow patterns. This then confirms that the water table lies obliquely 
from pan 3 towards pan 1. This further confirms what Jolly (1983) observed 
in that the Bokkeveld slopes obliquely towards the sea, and this slope controls 
the groundwater flow.  
7.5 Klipfontein Vlei as source of recharge 
Jolly (1983), revealed that the pans of the Klipfontein Vlei are a source of 
groundwater recharge. This recharge zone is limited to within +/-300m of the 
Klipfontein vlei pan itself. At a distance of greater than 300m the water level 
would have dropped to the sand/Bokkeveld contact; therefore the sands 
would not be saturated.  
Quantification of the back dune aquifer was done by Reynders (1984). 
Hydraulic gradient is defined by Fitts (2002), as being the change in hydraulic 
head per unit distance in a certain direction. Reynders (1984) measured the 
hydraulic gradient of the aquifer at 1:161.  
Todd and Mays (2005) define transmissivity (T) as the rate at which water of 
prevailing kinematic viscosity is transmitted through a unit width of aquifer 
under a unit hydraulic gradient of the underlying Klipfontein Vlei. The 
equation follows that; 
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 KbT = = (m/day) (m) = m2/day 
Where b is the saturated thickness of the aquifer, and K is the 
discharge rate of the aquifer. 
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Reynders (1984) measured the T value at 36m3/day for the unconsolidated 
sand aquifer below the vlei. This T value is consistent with medium grained 
sands, this was measured by sieving, and found to have a dominant 3φ 
(0.125mm) fraction.  
The volume of water stored in this back dune aquifer was measured by 
Reynders (1984) to be 384 000m3. This was calculated using the following 
equation;  
 Volume of water stored in back dune aquifer is= 
 Aquifer length x length x saturated thickness x porosity 
 = 800m x 1000m x 4m x 12/100 
 = 384 000m3 
Loss to sea of the back dune aquifer was calculated by Reynders (1984) at 
22 630m3/yr.  
The presence of the underlying Bokkeveld, and the lenses of saline material 
could lead to contamination of recharge water. Depending on the quality of 
recharge water, i.e. better quality than the ambient groundwater, the water 
would migrate, following the hydraulic gradient. The better quality water 
would “dilute” the already brackish water. The AR project running in Atlantis, 
Cape Town has a separate industrial wastewater treatment works discharge 
along the coast, downgradient of the well field (which is artificially recharged). 
The groundwater mound formed along the coast simultaneously counters the 
intrusion of sea water and the loss of fresh groundwater that is not 
intercepted by the wellfield, to the ocean.  
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Chapter 8: Conclusion 
8. Conclusion 
Auger drilling in pan 1-3, revealed a mostly sandy loam substrate, intercalated 
with sand lenses and a clayey sand presence in pan 2.  
Infiltration rates, which would ultimately determine the application of 
recharge water, were found to differ with each pan, due the presence of clays 
in the upper levels, which inhibits infiltration. Observation of all three pans, 
after the flood event of August 2006, showed a long retention time of water.  
Permeability is a function of grain size, the mean grain size was measured at 
3φ (0.125mm). This is attributed to the study area being located in a back 
dune area, where this size fraction is dominant. However, there is a 
significant presence of fine mud (5φ and 9φ) content in most samples, due to 
flooding events, which left a layer of fine material. 
Geophysical surveys using resistivity, confirmed groundwater flow is 
controlled by the underlying Bokkeveld basement.  
The estimated losses to sea was measured at 22 630m3/yr. With the 
suggested method of artificial recharge, loss through evaporation might occur, 
due to South Africa having one of the highest evaporation rates in the world.  
Based on this high proportion of sand content (3φ (0.125mm)) it is suggested 
that the overlying clay layers not be removed, due to the shallow water table 
measured at 2.06m, and observed in the field. Also the clay found here would 
slow down water movement, and allow for longer retention time of surface 
water in the pans. 
Based in the above results, the Klipfontein Vlei is feasible for artificial 
recharge through natural infiltration through this back dune area.  
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The area has been subjected to flooding, prior to the floods of August 2006, 
the vlei has overflowed twice since 2000, once as a result of 180mm of rain 
which fell over a weekend in May 2003. A permanently saturated vlei will be 
less able to handle the impact of a flash flood. The overflow would then surge 
through the town and may cause damage and result in liability claims. 
Therefore an engineering study is needed, to perhaps configure a spillway 
with pumps that are activated by float levels.  
Also, further studies into looking at the water source supply for the AR 
scheme, treated effluent or urban storm water runoff. Similar to the AR basins 
in Atlantis, which receive year-round treated wastewater effluent from a 
domestic wastewater treatment works, and in the winter rainfall season, 
urban stormwater runoff.   
The availability of water of the AR scheme is challenging. The alternatives 
that have been suggested are the following:  
• Kenton-on-Sea sewerage works 
• Diversion of storm water runoff of Bushmans River Mouth into back 
dune area 
• Dewatering of oversaturated overburden around Bushmans River 
Mouth and Kenton-on-Sea 
The infiltration basin method is favoured because of the general feasibility, 
efficient use of space and the ease of maintenance. 
Another option for artificial recharge could be in the form of seepage 
trenches. This method would be effective in counteracting the clogging of the 
clay particles.   
The management requirements for this system are site specific and vary 
accordingly. A wetting and drying cycle with periodic cleaning of the bottom is 
used to reduce clogging by accumulated suspended material. Key 
management tasks include:  
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Maintaining acceptable infiltration rates by drying and scraping 
Maintaining the quality of recharge water (prior to entering the recharge 
facility), if slow sand filters are used to pre-treat recharge water, then the 
sands and gravels used in these filters need to be cleaned and topped up 
periodically.  
With the surrounding area being developed the AR scheme needs to combine 
form and function to get the community buy-in. The benefits for the 
community include: eco-tourism (bird watching & fishing) and canoeing.  
At present the demand for water is at approximately 1 250 000 L/day, future 
demand has been estimated at 2 400 000 L/day (pers.comm D. Nicol).  
Also at present the RO plant produces 600 000L/day (24 hours), only one 
plant is run at a time, due to there being a restriction with brine running into 
the river.  
The daily demand here is 1 400 000L/day and another 1 000 000L is added in 
season.  
The projected future demands and with the growing community of Bushmans 
River Mouth and Kenton-on-Sea, will place further stress on the already 
strained water supply. Artificial recharge using the infiltration basin method 
could be the answer to the shortage of water in this area.  
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Appendix 1: Sieving Data  
 
 
150 
Φ Φ
20-30 30-35 35-55 70-80 85-102 101-111 111-121 5-10 10-17 10-38 38-50 55-65 65-80 80-90 80-92 105-117
0 0.032731 0.017071 0.040511 0 0.012464 16.62799 0 0 0.045424 0.023396 0.027664 0.012365 0.009361 0 0.011579 0 0
1 0.18564 0.176733 0.333143 0.199745 0.361222 0.236307 0.333022 1 0.746971 0.444516 0.512664 0.563261 0.441769 0.362231 0.493172 7.317094 0.793508
1.5 0.747305 1.729921 1.395476 2.359095 3.699956 3.524165 4.020455 1.5 3.765895 3.387328 2.781331 3.647316 4.109311 3.763824 4.463832 0.897332 6.195659
2 1.952338 3.744521 3.415973 4.752775 6.741257 6.641773 7.211475 2 2.441031 5.816946 4.953809 6.100983 6.689722 6.33916 2.679953 11.91405 10.34159
2.5 30.75495 26.35725 28.2628 25.77812 24.03517 23.34055 26.0797 2.5 18.6662 16.90796 14.57819 17.31649 21.10351 19.99786 20.6903 25.39007 23.00149
3 46.94207 44.90312 44.0267 44.13509 43.28184 29.09917 43.08051 3 30.42368 30.92971 28.77062 35.9051 41.8196 40.91783 37.63632 36.71265 27.67359
3.5 5.053993 6.194928 5.764077 8.026135 7.799749 8.883948 8.757593 3.5 8.501591 8.422912 7.828537 8.350241 8.828883 9.393745 8.804548 11.04796 10.11098
4 1.213278 1.941297 1.64005 3.053315 3.000731 2.85064 2.820829 4 3.707601 3.57902 3.618852 3.131498 3.463429 3.19824 3.247562 4.230881 4.056985
5 2.679036 3.570804 2.683052 3.573285 3.812461 2.137485 2.365745 5 15.1374 14.09638 10.70943 10.65722 6.315702 5.488755 12.01871 1.596425 6.778453
9 10.43866 11.36435 12.43822 8.122441 7.255147 6.657973 5.330669 9 16.5642 16.39183 26.21889 14.31553 7.218711 10.53836 9.95402 0.893537 11.04774
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Φ Φ
20-25 25-40 40- 64 64-70 80-95 20-31 31-42 50-65 78-90 90-100 105-112
0 0.013023 0.042968 0.0234 0.002547 0.026313 0 0.008149 0 0 0 0 0
1 0.904426 0.878001 0.949015 0.81432 1.058176 1 0.55414 0.619371 0.529914 0.549121 0.708123 1.17612
1.5 4.941645 5.983597 5.954413 6.033099 7.578009 1.5 4.025063 4.487756 4.859447 5.08502 5.989158 9.625185
2 7.066103 7.336675 7.283141 8.198392 10.5699 2 5.709517 5.678514 5.589958 5.812066 7.059091 10.58508
2.5 21.71536 19.96163 20.96423 22.75737 24.22817 2.5 19.35024 18.68688 17.44805 17.85638 21.39455 20.62262
3 46.323 49.8969 47.41859 44.78249 32.08839 3 46.68844 46.43262 48.65431 50.78425 45.26832 37.33402
3.5 11.06287 10.02959 10.78033 10.51115 3.978351 3.5 13.24625 12.98532 12.5053 11.96706 11.82777 11.709
4 3.986788 2.935319 3.313444 3.450316 10.23635 4 5.2091 5.554766 5.206507 3.97305 3.876491 4.473988
5 1.388733 0.842437 1.239868 0.98236 4.590031 5 2.560413 2.567288 2.216023 1.339471 1.182622 1.204
9 2.598055 2.092882 2.073576 2.467955 5.646318 9 2.648687 2.987478 2.990484 2.633579 2.693869 3.269988
100 100 100 100 100 100 100 100 100 100 100
Φ Φ
0-15 27-32 50-61 61-74 74-81 81-91 105-116 10-20 20-40 40-51 62-72 72-85 85-100 100-110 118-122
0 0.155214 0.006297 0.025068 0.0266 0.018726 0.015632 0.04904 0 0.019037 0.053785 0.038003 0.018283 0.019801 0.046963 0.01337 0.004309
1 1.217764 1.000353 0.973687 1.033217 1.632244 1.968563 2.426982 1 1.122107 0.792609 0.735129 0.617623 0.597872 0.684314 0.842003 0.848799
1.5 7.608435 6.168369 5.916004 6.277703 10.51834 12.49466 16.52583 1.5 8.543566 5.292638 4.460328 4.440197 5.112163 5.49437 7.372467 8.269685
2 10.68877 6.441679 5.90413 6.265103 9.939872 11.96214 14.44179 2 11.28757 6.929038 6.145834 6.110235 6.635719 6.901105 9.598496 11.1039
2.5 22.35671 18.61059 16.3896 17.39165 18.52737 19.34416 20.24453 2.5 22.88831 19.10011 19.25715 18.71436 19.56092 20.01658 21.18989 22.10267
3 41.0956 45.40852 45.86856 42.55902 36.96826 29.45028 24.42595 3 40.19852 45.20357 46.33013 46.21028 48.04344 47.20505 40.3763 36.47882
3.5 9.762508 12.2618 3.678108 3.902984 12.29325 12.94069 11.53008 3.5 9.460289 12.30033 12.62974 12.90894 11.37992 11.31694 11.77467 11.48478
4 3.557502 5.051198 10.62242 11.27186 5.050969 5.911941 5.177895 4 3.240303 5.163958 5.201841 5.490041 4.325084 4.167338 4.416406 4.853521
5 1.347269 1.59764 1.810988 2.692726 1.416046 1.378555 1.634094 5 1.903647 1.872497 2.547416 1.611299 1.610426 1.883054 2.075765 1.633058
9 2.210232 3.453559 8.811433 8.579139 3.634923 4.533386 3.543801 9 1.336656 3.291461 2.654425 3.878743 2.714658 2.284283 2.340641 3.220463
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Φ Φ
0-15 15-30 30-40 40-57 15-28 28-40 53-65 65-79 79-87 87-90
0 0.061421 0.012977 0.014746 0.383147 0 0.027517 0.01752 0.012907 0 0 0
1 0.61363 0.505217 0.43502 8.378653 1 0.989511 0.776986 1.267875 1.297239 1.635221 1.756476
1.5 5.612346 4.836873 4.785808 4.738057 1.5 7.420228 5.879292 9.04081 9.786716 11.69179 12.39875
2 8.794397 7.662315 7.347264 7.522651 2 9.873917 7.784992 11.44449 12.56506 14.26755 15.13835
2.5 21.00874 19.53065 19.9186 20.32021 2.5 21.1058 20.36383 22.44144 23.31184 24.10362 24.27124
3 42.67408 43.17765 44.04259 36.70499 3 41.51762 44.76709 36.64259 31.8907 27.48368 28.06958
3.5 11.50267 12.7136 12.29941 12.25316 3.5 10.89947 11.66514 10.69139 11.53146 10.99742 9.9586
4 4.86636 5.780359 5.578281 4.849564 4 4.082969 4.372571 4.22925 4.808497 4.910362 4.203499
5 2.310217 2.631145 2.363593 1.905168 5 0.753315 2.006826 1.305993 1.818001 1.571929 1.106257
9 2.556143 3.149214 3.214688 2.944396 9 3.329654 2.365745 2.923257 2.990497 3.338433 3.097242
100 100 100 100 100 100 100 100 100 100
A5
A7
A6
A8
A2
A4
A1
A3
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Φ Φ Φ
0-35 35-62 62-72 72-87 875-96 0-35 33-46 70-84 97-1 0-52 98-1.2
0 0.05751 0.023212 0.015782 0.013624 0.008082 0 0.026095 0.248975 0.065991 0.033861 0 0.06718 0.0708
1 0.638997 0.669061 0.796509 0.975353 1.09076 1 0.961103 1.274614 0.917298 0.958466 1 3.621615 1.627769
1.5 6.709748 7.496484 10.09492 12.50274 12.05972 1.5 9.640143 9.869196 9.339189 8.377968 1.5 9.262849 15.49665
2 8.660079 10.0867 13.82589 16.51261 16.87146 2 13.90289 14.9178 14.57984 13.42915 2 12.31185 20.05626
2.5 19.11241 21.07514 23.74629 25.95572 28.38341 2.5 26.68042 29.6869 31.67033 35.93812 2.5 18.02661 22.06864
3 41.64122 41.66282 34.89719 28.84117 25.15513 3 31.81417 27.75175 28.95102 28.84687 3 34.98576 21.98158
3.5 12.44544 11.10532 9.575056 8.562857 8.88712 3.5 9.484125 8.939011 8.366306 7.627987 3.5 11.69427 9.780009
4 5.367298 3.940631 3.524183 3.317963 3.772162 4 3.745526 3.655877 3.055013 2.393785 4 5.01493 4.459143
5 2.25677 2.54706 2.107186 2.147963 1.467299 5 0.172911 1.440231 1.080032 0.573355 5 1.425871 2.839299
9 3.110528 1.393572 1.416997 1.17 2.304862 9 3.572615 2.215646 1.974981 1.82043 9 3.58906 1.619844
100 100 100 100 100 100 100 100 100 100 100
Φ Φ Φ
0-21 77-82 82-95 96-1.2 24-32 67-75 43-53 75-82 83-1.3 0-32 42-52 55-68 83-93
0 0.63696 0.024098 0.102453 0.059014 0 0.176028 0.080629 0.016717 0.031737 0.010991 0 0.026798 0.028376 0 0.045771
1 1.840258 0.495527 0.850907 0.964246 1 0.796205 3.88877 0.311934 0.410657 0.531774 1 0.231245 0.254812 0.157293 0.416736
1.5 2.782116 4.577173 6.759814 8.55225 1.5 1.659015 3.006965 2.048465 3.894351 5.434762 1.5 1.357357 1.58706 1.919787 3.577144
2 3.986093 7.218738 9.016179 11.29728 2 3.05025 5.914744 3.749223 7.491208 10.64421 2 3.216346 3.455303 4.642331 9.145467
2.5 12.45671 17.06207 17.62977 18.68857 2.5 13.97623 16.09165 15.85345 18.09841 20.86881 2.5 14.50397 14.92702 17.86307 20.35701
3 42.80941 44.59503 42.77262 34.96169 3 51.48622 44.98098 57.55896 44.43753 34.57823 3 53.00618 53.37304 53.46201 41.56926
3.5 16.92426 14.19378 12.56799 13.36623 3.5 14.76496 14.25477 12.5061 13.98703 14.49755 3.5 14.45971 14.13478 13.06815 13.67643
4 9.282096 5.916792 5.150138 6.055356 4 7.045546 5.890747 3.977573 5.824536 6.716838 4 6.5992 6.119799 4.443679 5.606092
5 3.32192 1.61901 1.3014 1.574091 5 1.218936 1.564665 0.881846 1.532358 1.677795 5 1.816437 2.507448 1.216371 1.181085
9 5.960176 4.297782 3.848738 4.481265 9 5.826611 4.326083 3.095727 4.292178 5.039042 9 4.782763 3.612351 3.227307 4.425006
100 100 100 100 100 100 100 100 100
Φ
0-28 28-38 46-58 58-78 95-1.2
0 0.041905 0 0.034304 0.020044 0.026233
1 0.423768 0.187102 0.139521 0.166235 0.178564
1.5 2.686082 1.35543 1.458625 2.014325 2.19106
2 7.485451 3.134111 3.349649 4.346153 5.988899
2.5 28.2176 14.69236 14.06853 17.41054 19.02973
3 45.56321 48.10279 52.40788 56.36181 52.49036
3.5 10.49068 16.478 14.61133 12.00631 12.21926
4 2.545658 8.025104 6.965079 3.837293 3.937947
5 0.132132 2.444601 2.343732 2.01281 0.794889
9 2.413527 5.580504 4.621347 1.824483 3.143058
100 100 100 100 100
B2 B3B1
B5
B7
B4 B6
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Appendix 2: Sample statistics 
153 
SAMPLE STATISTICS A1
20-30 30-35 35-55 70-80 85-102 101-111 111-121
ANALYST AND DATE: , , , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Poorly Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Muddy Sand Muddy Sand Muddy Sand Sand Sand Sand Sand
SEDIMENT NAME: Very Coarse Silty Fine Sand Very Coarse Silty Fine Sand Very Coarse Silty Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand Poorly Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 226.7 227.6 228.7 236.0 249.2 212.9 258.2
MOMENTS SORTING 110.0 125.6 132.1 131.8 153.9 171.5 151.7
Arithmetic (mm) SKEWNESS 3.350 2.863 3.603 2.992 3.062 1.845 3.053
KURTOSIS 38.31 24.67 32.67 23.07 20.33 11.53 19.81
METHOD OF MEAN 194.4 190.1 189.7 199.8 207.6 86.67 219.8
MOMENTS SORTING 1.816 1.884 1.917 1.804 1.835 7.947 1.747
Geometric (mm) SKEWNESS -1.595 -1.188 -1.280 -1.042 -0.903 -1.515 -0.840
KURTOSIS 6.494 4.698 5.499 4.549 5.151 3.679 5.276
METHOD OF MEAN 2.359 2.394 2.394 2.323 2.267 1.871 2.186
MOMENTS SORTING 0.851 0.909 0.928 0.852 0.872 1.173 0.805
Logarithmic (f) SKEWNESS 1.423 1.111 1.113 1.042 0.832 0.144 0.840
KURTOSIS 4.762 3.994 4.012 4.549 4.498 3.026 5.276
FOLK AND MEAN 212.6 194.1 194.5 209.5 215.7 418.3 228.6
WARD METHOD SORTING 1.658 1.808 1.807 1.723 1.747 3.059 1.656
(mm) SKEWNESS -0.378 -0.423 -0.451 -0.289 -0.215 0.303 -0.127
KURTOSIS 2.173 2.180 2.127 2.094 2.043 1.756 1.877
FOLK AND MEAN 2.233 2.365 2.362 2.255 2.213 1.257 2.129
WARD METHOD SORTING 0.729 0.855 0.854 0.785 0.805 1.613 0.728
(f) SKEWNESS 0.378 0.423 0.451 0.289 0.215 -0.303 0.127
KURTOSIS 2.173 2.180 2.127 2.094 2.043 1.756 1.877
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand Medium Sand Fine Sand
WARD METHOD SORTING: Moderately Sorted Moderately Sorted Moderately Sorted Moderately Sorted Moderately Sorted Poorly Sorted Moderately Sorted
(Description) SKEWNESS: Very Fine Skewed Very Fine Skewed Very Fine Skewed Fine Skewed Fine Skewed Very Coarse Skewed Fine Skewed
KURTOSIS: Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic
MODE 1 (mm): 215.0 215.0 215.0 215.0 215.0 215.0 215.0
MODE 2 (mm):
MODE 3 (mm):
MODE 1 (f): 2.237 2.237 2.237 2.237 2.237 2.237 2.237
MODE 2 (f):
MODE 3 (f):
D10 (mm): 61.23 58.08 55.17 75.99 81.45 103.4 117.7
D50 (mm): 223.0 219.2 221.0 220.4 222.8 251.4 227.5
D90 (mm): 327.5 335.1 334.4 342.3 370.0 2696.3 382.4
(D90 / D10) (mm): 5.348 5.770 6.062 4.504 4.543 26.08 3.249
(D90 - D10) (mm): 266.2 277.0 279.2 266.3 288.6 2592.9 264.7
(D75 / D25) (mm): 1.474 1.504 1.514 1.525 1.566 2.082 1.576
(D75 - D25) (mm): 88.77 91.94 94.27 96.08 104.3 204.9 108.3
D10 (f): 1.611 1.577 1.580 1.547 1.434 -1.431 1.387
D50 (f): 2.165 2.190 2.178 2.182 2.166 1.992 2.136
D90 (f): 4.030 4.106 4.180 3.718 3.618 3.274 3.087
(D90 / D10) (f): 2.502 2.603 2.645 2.404 2.522 -2.288 2.226
(D90 - D10) (f): 2.419 2.529 2.600 2.171 2.184 4.705 1.700
(D75 / D25) (f): 1.301 1.315 1.324 1.331 1.361 1.788 1.374
(D75 - D25) (f): 0.560 0.588 0.599 0.609 0.647 1.058 0.656
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 89.7% 88.8% 87.7% 92.0% 92.8% 93.4% 94.7%
% MUD: 10.3% 11.2% 12.3% 8.0% 7.2% 6.6% 5.3%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.2% 0.2% 0.4% 0.2% 0.4% 16.9% 0.3%
% COARSE SAND: 0.7% 1.7% 1.4% 2.4% 3.7% 3.5% 4.0%
% MEDIUM SAND: 32.7% 30.1% 31.7% 30.5% 30.8% 30.0% 33.3%
% FINE SAND: 52.0% 51.1% 49.8% 52.2% 51.1% 38.0% 51.8%
% V FINE SAND: 4.0% 5.6% 4.5% 6.7% 6.9% 5.1% 5.2%
% V COARSE SILT: 10.3% 11.2% 12.3% 8.0% 7.2% 6.6% 5.3%
% COARSE SILT: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM SILT: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE SILT: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE SILT: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS A2
39578 39738 14154 38-50 55-65 65-80 80-90 80-92 105-117
ANALYST AND DATE: , , , , , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Bimodal, Poorly Sorted Bimodal, Poorly Sorted Bimodal, Very Poorly Sorted Bimodal, Poorly Sorted Unimodal, Poorly Sorted Unimodal, Poorly Sorted Bimodal, Poorly Sorted Unimodal, Moderately Sorted Unimodal, Poorly Sorted
TEXTURAL GROUP: Muddy Sand Muddy Sand Muddy Sand Muddy Sand Muddy Sand Muddy Sand Muddy Sand Sand Muddy Sand
SEDIMENT NAME: Very Coarse Silty Fine Sand Very Coarse Silty Fine Sand Very Coarse Silty Fine Sand Very Coarse Silty Fine Sand Very Coarse Silty Fine Sand Very Coarse Silty Fine Sand Very Coarse Silty Fine Sand Moderately Sorted Fine Sand Very Coarse Silty Fine Sand
METHOD OF MEAN 138.3 140.6 127.1 149.3 166.8 160.3 152.3 221.4 174.4
MOMENTS SORTING 111.9 106.5 108.8 105.8 96.86 95.92 101.4 162.9 116.1
Arithmetic (µm) SKEWNESS 2.530 1.885 2.075 1.789 1.786 1.420 1.922 2.401 1.347
KURTOSIS 18.79 13.50 14.85 11.64 12.19 8.424 12.63 8.250 6.852
METHOD OF MEAN 83.13 85.39 65.54 95.63 126.1 114.2 106.2 179.5 117.8
MOMENTS SORTING 3.289 3.291 3.874 3.141 2.474 2.773 2.765 1.842 2.966
Geometric (µm) SKEWNESS -0.977 -1.024 -0.648 -1.238 -1.907 -1.706 -1.457 -0.643 -1.483
KURTOSIS 2.833 2.876 1.883 3.449 6.576 5.122 4.515 8.615 4.429
METHOD OF MEAN 3.588 3.550 3.931 3.386 2.988 3.130 3.235 2.478 3.086
MOMENTS SORTING 1.717 1.718 1.954 1.651 1.307 1.471 1.467 0.881 1.569
Logarithmic (φ) SKEWNESS 0.977 1.024 0.648 1.238 1.907 1.706 1.457 0.643 1.483
KURTOSIS 2.833 2.876 1.883 3.449 6.576 5.122 4.515 8.615 4.429
FOLK AND MEAN 94.18 96.70 66.27 104.7 142.8 129.4 112.9 179.3 129.6
WARD METHOD SORTING 3.146 3.145 4.167 2.979 2.123 2.461 2.634 1.702 2.753
(µm) SKEWNESS -0.556 -0.551 -0.632 -0.550 -0.361 -0.470 -0.510 0.189 -0.461
KURTOSIS 1.288 1.300 1.015 1.557 2.601 2.691 2.012 1.526 2.039
FOLK AND MEAN 3.408 3.370 3.915 3.256 2.808 2.950 3.147 2.480 2.948
WARD METHOD SORTING 1.654 1.653 2.059 1.575 1.086 1.299 1.397 0.767 1.461
(φ) SKEWNESS 0.556 0.551 0.632 0.550 0.361 0.470 0.510 -0.189 0.461
KURTOSIS 1.288 1.300 1.015 1.557 2.601 2.691 2.012 1.526 2.039
FOLK AND MEAN: Very Fine Sand Very Fine Sand Very Fine Sand Very Fine Sand Fine Sand Fine Sand Very Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Poorly Sorted Poorly Sorted Very Poorly Sorted Poorly Sorted Poorly Sorted Poorly Sorted Poorly Sorted Moderately Sorted Poorly Sorted
(Description) SKEWNESS: Very Fine Skewed Very Fine Skewed Very Fine Skewed Very Fine Skewed Very Fine Skewed Very Fine Skewed Very Fine Skewed Coarse Skewed Very Fine Skewed
KURTOSIS: Leptokurtic Leptokurtic Mesokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 152.5 152.5 152.5 152.5 152.5
MODE 2 (µm): 47.50 47.50 47.50 47.50 47.50
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.737 2.737 2.737 2.737 2.737
MODE 2 (φ): 4.477 4.477 4.477 4.477 4.477
MODE 3 (φ):
D10 (µm): 10.67 10.85 5.758 13.87 43.12 27.77 32.08 99.22 24.60
D50 (µm): 134.5 136.6 127.6 143.4 154.3 151.2 145.9 172.2 158.5
D90 (µm): 237.1 248.4 240.5 254.7 266.9 256.5 240.8 336.8 320.5
(D90 / D10) (µm): 22.23 22.89 41.76 18.36 6.190 9.236 7.507 3.395 13.03
(D90 - D10) (µm): 226.5 237.6 234.7 240.8 223.8 228.7 208.8 237.6 295.9
(D75 / D25) (µm): 3.902 3.835 6.227 2.995 1.665 1.788 2.161 1.748 2.250
(D75 - D25) (µm): 135.4 137.2 147.0 126.0 80.62 86.76 102.0 100.4 124.5
D10 (φ): 2.076 2.009 2.056 1.973 1.905 1.963 2.054 1.570 1.641
D50 (φ): 2.895 2.872 2.970 2.802 2.696 2.725 2.777 2.538 2.658
D90 (φ): 6.551 6.526 7.440 6.172 4.535 5.170 4.962 3.333 5.345
(D90 / D10) (φ): 3.155 3.248 3.619 3.128 2.380 2.634 2.416 2.123 3.256
(D90 - D10) (φ): 4.475 4.516 5.384 4.198 2.630 3.207 2.908 1.763 3.704
(D75 / D25) (φ): 1.799 1.798 2.050 1.659 1.319 1.357 1.464 1.385 1.542
(D75 - D25) (φ): 1.964 1.939 2.639 1.582 0.736 0.838 1.111 0.805 1.170
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 68.5% 69.7% 63.2% 75.2% 86.5% 84.0% 78.2% 97.5% 82.3%
% MUD: 31.5% 30.3% 36.8% 24.8% 13.5% 16.0% 21.8% 2.5% 17.7%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 0.7% 0.4% 0.5% 0.6% 0.4% 0.4% 0.5% 7.3% 0.8%
% MEDIUM SAND: 6.2% 9.2% 7.7% 9.7% 10.8% 10.1% 7.1% 12.8% 16.5%
% FINE SAND: 49.1% 47.8% 43.3% 53.2% 62.9% 60.9% 58.3% 62.1% 50.7%
% V FINE SAND: 12.4% 12.2% 11.6% 11.6% 12.4% 12.7% 12.2% 15.3% 14.2%
% V COARSE SILT: 15.1% 14.1% 10.8% 10.7% 6.3% 5.5% 12.0% 1.6% 6.8%
% COARSE SILT: 4.1% 4.1% 6.6% 3.6% 1.8% 2.6% 2.5% 0.2% 2.8%
% MEDIUM SILT: 4.1% 4.1% 6.6% 3.6% 1.8% 2.6% 2.5% 0.2% 2.8%
% FINE SILT: 4.1% 4.1% 6.6% 3.6% 1.8% 2.6% 2.5% 0.2% 2.8%
% V FINE SILT: 4.0% 4.0% 6.3% 3.5% 1.7% 2.5% 2.4% 0.2% 2.7%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS A3
20-25 25-40 40- 64 64-70 80-95
ANALYST AND DATE: , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Bimodal, Poorly Sorted
TEXTURAL GROUP: Sand Sand Sand Sand Muddy Sand
SEDIMENT NAME: Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Very Coarse Silty Fine Sand
METHOD OF MEAN 182.9 187.8 187.4 188.8 189.0
MOMENTS SORTING 99.01 102.3 102.4 99.53 119.1
Arithmetic (µm) SKEWNESS 2.615 3.011 2.704 2.193 1.803
KURTOSIS 16.16 21.80 17.19 11.50 10.79
METHOD OF MEAN 154.6 160.8 159.8 160.2 142.2
MOMENTS SORTING 1.896 1.820 1.834 1.884 2.431
Geometric (µm) SKEWNESS -2.339 -2.304 -2.213 -2.366 -1.771
KURTOSIS 12.90 14.34 13.53 13.29 6.734
METHOD OF MEAN 2.693 2.637 2.645 2.642 2.814
MOMENTS SORTING 0.923 0.864 0.875 0.914 1.281
Logarithmic (φ) SKEWNESS 2.339 2.304 2.213 2.366 1.771
KURTOSIS 12.90 14.34 13.53 13.29 6.734
FOLK AND MEAN 163.2 169.5 167.2 168.8 153.0
WARD METHOD SORTING 1.555 1.501 1.535 1.544 2.136
(µm) SKEWNESS 0.053 0.195 0.131 0.100 -0.285
KURTOSIS 1.501 1.447 1.459 1.407 1.945
FOLK AND MEAN 2.615 2.560 2.580 2.567 2.708
WARD METHOD SORTING 0.637 0.586 0.618 0.627 1.095
(φ) SKEWNESS -0.053 -0.195 -0.131 -0.100 0.285
KURTOSIS 1.501 1.447 1.459 1.407 1.945
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Well Sorted Moderately Well Sorted Moderately Well Sorted Moderately Well Sorted Poorly Sorted
(Description) SKEWNESS: Symmetrical Coarse Skewed Coarse Skewed Coarse Skewed Fine Skewed
KURTOSIS: Very Leptokurtic Leptokurtic Leptokurtic Leptokurtic Very Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 152.5
MODE 2 (µm): 76.50
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.737
MODE 2 (φ): 3.731
MODE 3 (φ):
D10 (µm): 95.58 103.0 99.74 99.15 60.84
D50 (µm): 159.5 160.4 160.6 163.0 167.1
D90 (µm): 289.1 306.2 306.2 310.3 339.6
(D90 / D10) (µm): 3.024 2.972 3.070 3.129 5.582
(D90 - D10) (µm): 193.5 203.1 206.4 211.1 278.8
(D75 / D25) (µm): 1.590 1.568 1.593 1.629 1.838
(D75 - D25) (µm): 77.25 75.84 78.60 83.58 105.4
D10 (φ): 1.791 1.708 1.708 1.688 1.558
D50 (φ): 2.648 2.640 2.638 2.617 2.581
D90 (φ): 3.387 3.279 3.326 3.334 4.039
(D90 / D10) (φ): 1.892 1.920 1.948 1.975 2.592
(D90 - D10) (φ): 1.597 1.571 1.618 1.646 2.481
(D75 / D25) (φ): 1.295 1.288 1.299 1.319 1.416
(D75 - D25) (φ): 0.669 0.649 0.672 0.704 0.878
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 96.0% 97.1% 96.7% 96.6% 89.8%
% MUD: 4.0% 2.9% 3.3% 3.4% 10.2%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 0.9% 0.9% 0.9% 0.8% 1.1%
% MEDIUM SAND: 12.0% 13.3% 13.2% 14.2% 18.1%
% FINE SAND: 68.0% 69.9% 68.4% 67.5% 56.3%
% V FINE SAND: 15.1% 13.0% 14.1% 14.0% 14.3%
% V COARSE SILT: 1.4% 0.9% 1.2% 1.0% 4.6%
% COARSE SILT: 0.6% 0.5% 0.5% 0.6% 1.4%
% MEDIUM SILT: 0.6% 0.5% 0.5% 0.6% 1.4%
% FINE SILT: 0.6% 0.5% 0.5% 0.6% 1.4%
% V FINE SILT: 0.6% 0.5% 0.5% 0.6% 1.4%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS A4
20-31 31-42 50-65 78-90 90-100 105-112
ANALYST AND DATE: , , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Sand Sand Sand Sand
SEDIMENT NAME: Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 171.5 171.9 172.4 176.3 184.0 200.4
MOMENTS SORTING 90.49 93.01 91.97 91.38 97.86 116.6
Arithmetic (µm) SKEWNESS 2.504 2.287 2.219 2.295 2.136 1.720
KURTOSIS 16.30 12.43 11.77 12.05 10.75 7.599
METHOD OF MEAN 145.0 143.8 144.6 150.1 155.3 162.5
MOMENTS SORTING 1.899 1.950 1.940 1.875 1.912 2.075
Geometric (µm) SKEWNESS -2.278 -2.234 -2.292 -2.426 -2.338 -2.056
KURTOSIS 12.04 11.35 11.75 13.38 12.68 10.18
METHOD OF MEAN 2.786 2.798 2.789 2.736 2.687 2.622
MOMENTS SORTING 0.925 0.964 0.956 0.907 0.935 1.053
Logarithmic (φ) SKEWNESS 2.278 2.234 2.292 2.426 2.338 2.056
KURTOSIS 12.04 11.35 11.75 13.38 12.68 10.18
FOLK AND MEAN 153.3 152.7 153.7 158.8 163.4 176.1
WARD METHOD SORTING 1.589 1.627 1.601 1.543 1.569 1.712
(µm) SKEWNESS -0.041 -0.056 -0.016 0.067 0.066 0.093
KURTOSIS 1.664 1.770 1.803 1.690 1.481 1.308
FOLK AND MEAN 2.706 2.711 2.702 2.655 2.613 2.506
WARD METHOD SORTING 0.668 0.703 0.679 0.626 0.650 0.775
(φ) SKEWNESS 0.041 0.056 0.016 -0.067 -0.066 -0.093
KURTOSIS 1.664 1.770 1.803 1.690 1.481 1.308
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Well Sorted Moderately Sorted Moderately Well Sorted Moderately Well Sorted Moderately Well Sorted Moderately Sorted
(Description) SKEWNESS: Symmetrical Symmetrical Symmetrical Symmetrical Symmetrical Symmetrical
KURTOSIS: Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Leptokurtic Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 152.5 152.5
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.737 2.737
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 87.46 83.81 87.49 95.22 95.80 92.70
D50 (µm): 153.5 153.2 153.1 155.1 159.7 166.5
D90 (µm): 254.6 262.4 265.8 272.8 301.3 365.3
(D90 / D10) (µm): 2.911 3.131 3.039 2.865 3.145 3.940
(D90 - D10) (µm): 167.1 178.6 178.4 177.6 205.5 272.6
(D75 / D25) (µm): 1.542 1.547 1.512 1.503 1.611 1.810
(D75 - D25) (µm): 68.47 68.83 65.03 65.18 79.78 105.6
D10 (φ): 1.974 1.930 1.911 1.874 1.731 1.453
D50 (φ): 2.703 2.707 2.707 2.688 2.646 2.587
D90 (φ): 3.515 3.577 3.515 3.393 3.384 3.431
(D90 / D10) (φ): 1.781 1.853 1.839 1.810 1.955 2.362
(D90 - D10) (φ): 1.542 1.647 1.603 1.518 1.653 1.978
(D75 / D25) (φ): 1.265 1.267 1.251 1.249 1.306 1.411
(D75 - D25) (φ): 0.625 0.629 0.597 0.588 0.688 0.856
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 94.8% 94.5% 94.8% 96.0% 96.1% 95.5%
% MUD: 5.2% 5.5% 5.2% 4.0% 3.9% 4.5%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 0.6% 0.6% 0.5% 0.5% 0.7% 1.2%
% MEDIUM SAND: 9.7% 10.2% 10.4% 10.9% 13.0% 20.2%
% FINE SAND: 66.0% 65.1% 66.1% 68.6% 66.7% 58.0%
% V FINE SAND: 18.5% 18.6% 17.7% 16.0% 15.7% 16.2%
% V COARSE SILT: 2.6% 2.6% 2.2% 1.3% 1.2% 1.2%
% COARSE SILT: 0.7% 0.7% 0.7% 0.7% 0.7% 0.8%
% MEDIUM SILT: 0.7% 0.7% 0.7% 0.7% 0.7% 0.8%
% FINE SILT: 0.7% 0.7% 0.7% 0.7% 0.7% 0.8%
% V FINE SILT: 0.6% 0.7% 0.7% 0.6% 0.7% 0.8%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS A5
0-15 27-32 50-61 61-74 74-81 81-91 105-116 
ANALYST AND DATE: , , , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Bimodal, Poorly Sorted Trimodal, Poorly Sorted Bimodal, Moderately Sorted Bimodal, Moderately Sorted Bimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Muddy Sand Muddy Sand Sand Sand Sand
SEDIMENT NAME: Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Coarse Silty Fine Sand Very Coarse Silty Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 201.3 181.1 170.5 171.8 202.1 211.0 231.8
MOMENTS SORTING 121.6 105.2 112.1 115.1 126.4 135.6 145.5
Arithmetic (µm) SKEWNESS 3.352 2.342 2.265 2.195 1.913 1.622 1.518
KURTOSIS 26.48 12.43 14.08 13.33 9.234 7.367 7.645
METHOD OF MEAN 167.8 148.5 123.8 124.0 160.2 161.5 179.5
MOMENTS SORTING 1.913 2.030 2.632 2.639 2.154 2.321 2.259
Geometric (µm) SKEWNESS -2.009 -2.169 -1.776 -1.711 -1.903 -1.825 -1.799
KURTOSIS 11.89 10.79 6.004 5.833 9.176 7.923 8.188
METHOD OF MEAN 2.575 2.751 3.014 3.012 2.642 2.630 2.478
MOMENTS SORTING 0.936 1.022 1.396 1.400 1.107 1.214 1.175
Logarithmic (φ) SKEWNESS 2.009 2.169 1.776 1.711 1.903 1.825 1.799
KURTOSIS 11.89 10.79 6.004 5.833 9.176 7.923 8.188
FOLK AND MEAN 179.0 158.0 139.3 138.8 175.0 179.7 196.9
WARD METHOD SORTING 1.613 1.631 2.332 2.351 1.770 1.963 1.888
(µm) SKEWNESS 0.143 0.026 -0.364 -0.360 0.095 -0.031 -0.030
KURTOSIS 1.332 1.628 3.397 2.522 1.321 1.364 1.007
FOLK AND MEAN 2.482 2.662 2.844 2.849 2.514 2.476 2.345
WARD METHOD SORTING 0.690 0.705 1.221 1.234 0.824 0.973 0.917
(φ) SKEWNESS -0.143 -0.026 0.364 0.360 -0.095 0.031 0.030
KURTOSIS 1.332 1.628 3.397 2.522 1.321 1.364 1.007
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Well Sorted Moderately Sorted Poorly Sorted Poorly Sorted Moderately Sorted Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Coarse Skewed Symmetrical Very Fine Skewed Very Fine Skewed Symmetrical Symmetrical Symmetrical
KURTOSIS: Leptokurtic Very Leptokurtic Extremely Leptokurtic Very Leptokurtic Leptokurtic Leptokurtic Mesokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 152.5 152.5 152.5
MODE 2 (µm): 76.50 76.50 427.5 427.5 427.5
MODE 3 (µm): 427.5
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.737 2.737 2.737
MODE 2 (φ): 3.731 3.731 1.247 1.247 1.247
MODE 3 (φ): 1.247
D10 (µm): 99.18 89.35 49.91 45.75 89.35 80.62 87.82
D50 (µm): 167.7 156.1 152.6 153.0 164.1 170.8 191.1
D90 (µm): 343.3 304.4 295.6 305.9 381.0 401.4 427.8
(D90 / D10) (µm): 3.462 3.407 5.921 6.685 4.264 4.978 4.871
(D90 - D10) (µm): 244.2 215.0 245.6 260.1 291.6 320.7 340.0
(D75 / D25) (µm): 1.721 1.602 1.566 1.821 1.852 2.080 2.344
(D75 - D25) (µm): 96.83 76.82 70.77 90.91 109.3 135.4 175.9
D10 (φ): 1.542 1.716 1.758 1.709 1.392 1.317 1.225
D50 (φ): 2.576 2.680 2.712 2.709 2.607 2.549 2.388
D90 (φ): 3.334 3.484 4.324 4.450 3.484 3.633 3.509
(D90 / D10) (φ): 2.162 2.031 2.459 2.604 2.503 2.758 2.865
(D90 - D10) (φ): 1.792 1.768 2.566 2.741 2.092 2.316 2.284
(D75 / D25) (φ): 1.371 1.297 1.275 1.374 1.429 1.545 1.721
(D75 - D25) (φ): 0.783 0.680 0.647 0.865 0.889 1.057 1.229
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 96.5% 95.0% 89.4% 88.8% 95.0% 94.1% 94.8%
% MUD: 3.5% 5.0% 10.6% 11.2% 5.0% 5.9% 5.2%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 1.2% 1.0% 1.0% 1.0% 1.6% 2.0% 2.4%
% MEDIUM SAND: 18.3% 12.6% 11.8% 12.5% 20.5% 24.5% 31.0%
% FINE SAND: 63.5% 64.0% 62.3% 60.0% 55.5% 48.8% 44.7%
% V FINE SAND: 13.3% 17.3% 14.3% 15.2% 17.4% 18.9% 16.7%
% V COARSE SILT: 1.4% 1.6% 1.9% 2.7% 1.4% 1.4% 1.6%
% COARSE SILT: 0.6% 0.9% 2.2% 2.1% 0.9% 1.1% 0.9%
% MEDIUM SILT: 0.6% 0.9% 2.2% 2.1% 0.9% 1.1% 0.9%
% FINE SILT: 0.6% 0.9% 2.2% 2.1% 0.9% 1.1% 0.9%
% V FINE SILT: 0.5% 0.8% 2.1% 2.1% 0.9% 1.1% 0.9%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS A6
39741 20-40 40-51 62-72 72-85 85-100 100-110 118-122
ANALYST AND DATE: , , , , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Sand Sand Sand Sand Sand Sand
SEDIMENT NAME: Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 203.7 179.0 175.0 172.6 178.8 181.9 191.6 195.9
MOMENTS SORTING 111.6 103.8 98.18 95.21 95.30 100.1 106.9 110.1
Arithmetic (µm) SKEWNESS 2.119 3.020 3.051 2.589 2.593 3.009 2.060 1.703
KURTOSIS 11.65 23.58 23.71 18.17 17.97 23.68 11.46 8.409
METHOD OF MEAN 173.5 147.7 146.9 142.2 151.1 154.2 159.9 159.9
MOMENTS SORTING 1.804 2.004 1.917 2.042 1.905 1.868 1.930 2.058
Geometric (µm) SKEWNESS -1.733 -2.197 -2.175 -2.323 -2.352 -2.203 -2.020 -2.108
KURTOSIS 11.52 11.04 11.66 10.89 12.65 12.65 11.12 10.27
METHOD OF MEAN 2.527 2.759 2.767 2.814 2.726 2.697 2.645 2.644
MOMENTS SORTING 0.851 1.003 0.939 1.030 0.930 0.901 0.949 1.041
Logarithmic (φ) SKEWNESS 1.733 2.197 2.175 2.323 2.352 2.203 2.020 2.108
KURTOSIS 11.52 11.04 11.66 10.89 12.65 12.65 11.12 10.27
FOLK AND MEAN 183.8 157.1 154.9 153.4 160.1 161.8 168.6 172.5
WARD METHOD SORTING 1.605 1.628 1.603 1.643 1.565 1.569 1.648 1.699
(µm) SKEWNESS 0.171 -0.004 -0.024 -0.068 0.043 0.058 0.063 0.043
KURTOSIS 1.277 1.628 1.657 1.800 1.592 1.555 1.384 1.325
FOLK AND MEAN 2.444 2.670 2.690 2.705 2.643 2.628 2.569 2.535
WARD METHOD SORTING 0.682 0.703 0.681 0.716 0.646 0.650 0.721 0.765
(φ) SKEWNESS -0.171 0.004 0.024 0.068 -0.043 -0.058 -0.063 -0.043
KURTOSIS 1.277 1.628 1.657 1.800 1.592 1.555 1.384 1.325
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Well Sorted Moderately Sorted Moderately Well Sorted Moderately Sorted Moderately Well Sorted Moderately Well Sorted Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Coarse Skewed Symmetrical Symmetrical Symmetrical Symmetrical Symmetrical Symmetrical Symmetrical
KURTOSIS: Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Leptokurtic Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 152.5 152.5 152.5 152.5
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.737 2.737 2.737 2.737
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 101.7 87.98 87.54 84.45 93.58 94.46 92.98 90.76
D50 (µm): 170.2 155.9 154.6 153.6 156.9 158.0 163.0 166.7
D90 (µm): 351.5 292.0 270.5 267.6 283.3 293.0 332.7 345.3
(D90 / D10) (µm): 3.457 3.319 3.090 3.169 3.027 3.102 3.579 3.805
(D90 - D10) (µm): 249.8 204.0 182.9 183.2 189.7 198.6 239.8 254.5
(D75 / D25) (µm): 1.739 1.598 1.561 1.556 1.558 1.579 1.720 1.793
(D75 - D25) (µm): 100.3 76.20 71.22 70.07 72.40 75.47 93.63 103.0
D10 (φ): 1.508 1.776 1.886 1.902 1.820 1.771 1.588 1.534
D50 (φ): 2.554 2.681 2.694 2.703 2.672 2.662 2.617 2.585
D90 (φ): 3.298 3.507 3.514 3.566 3.418 3.404 3.427 3.462
(D90 / D10) (φ): 2.186 1.974 1.863 1.875 1.878 1.922 2.159 2.257
(D90 - D10) (φ): 1.789 1.731 1.627 1.664 1.598 1.633 1.839 1.928
(D75 / D25) (φ): 1.383 1.295 1.275 1.271 1.277 1.289 1.362 1.401
(D75 - D25) (φ): 0.798 0.676 0.642 0.638 0.639 0.659 0.782 0.843
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 96.8% 94.9% 94.8% 94.5% 95.7% 95.9% 95.6% 95.2%
% MUD: 3.2% 5.1% 5.2% 5.5% 4.3% 4.1% 4.4% 4.8%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 1.1% 0.8% 0.7% 0.6% 0.6% 0.7% 0.8% 0.8%
% MEDIUM SAND: 19.8% 12.2% 10.6% 10.6% 11.7% 12.4% 17.0% 19.4%
% FINE SAND: 63.1% 64.3% 65.6% 64.9% 67.6% 67.2% 61.6% 58.6%
% V FINE SAND: 12.7% 17.5% 17.9% 18.4% 15.7% 15.5% 16.2% 16.4%
% V COARSE SILT: 1.9% 1.9% 2.5% 1.6% 1.6% 1.9% 2.1% 1.6%
% COARSE SILT: 0.3% 0.8% 0.7% 1.0% 0.7% 0.6% 0.6% 0.8%
% MEDIUM SILT: 0.3% 0.8% 0.7% 1.0% 0.7% 0.6% 0.6% 0.8%
% FINE SILT: 0.3% 0.8% 0.7% 1.0% 0.7% 0.6% 0.6% 0.8%
% V FINE SILT: 0.3% 0.8% 0.6% 0.9% 0.7% 0.6% 0.6% 0.8%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS A7
0-15 15-30 30-40 40-57
ANALYST AND DATE: , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Sand Sand
SEDIMENT NAME: Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 184.0 175.6 175.3 229.5
MOMENTS SORTING 102.9 95.46 93.66 195.7
Arithmetic (µm) SKEWNESS 2.909 2.206 2.221 2.550
KURTOSIS 24.28 14.45 15.29 11.16
METHOD OF MEAN 153.9 145.6 145.9 169.9
MOMENTS SORTING 1.932 1.992 1.988 2.217
Geometric (µm) SKEWNESS -2.134 -2.186 -2.260 -1.176
KURTOSIS 11.41 10.72 11.03 7.754
METHOD OF MEAN 2.700 2.780 2.777 2.558
MOMENTS SORTING 0.950 0.994 0.991 1.149
Logarithmic (φ) SKEWNESS 2.134 2.186 2.260 1.176
KURTOSIS 11.41 10.72 11.03 7.754
FOLK AND MEAN 161.8 155.1 155.6 177.2
WARD METHOD SORTING 1.615 1.666 1.646 1.880
(µm) SKEWNESS 0.010 -0.067 -0.061 0.195
KURTOSIS 1.456 1.650 1.647 1.624
FOLK AND MEAN 2.627 2.689 2.684 2.497
WARD METHOD SORTING 0.692 0.736 0.719 0.910
(φ) SKEWNESS -0.010 0.067 0.061 -0.195
KURTOSIS 1.456 1.650 1.647 1.624
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Well Sorted Moderately Sorted Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Symmetrical Symmetrical Symmetrical Coarse Skewed
KURTOSIS: Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 90.69 81.74 83.58 90.73
D50 (µm): 159.8 155.3 155.7 165.2
D90 (µm): 306.2 287.0 282.8 457.2
(D90 / D10) (µm): 3.376 3.511 3.383 5.039
(D90 - D10) (µm): 215.5 205.3 199.2 366.5
(D75 / D25) (µm): 1.658 1.625 1.609 1.820
(D75 - D25) (µm): 85.00 78.60 77.10 105.6
D10 (φ): 1.708 1.801 1.822 1.129
D50 (φ): 2.645 2.687 2.683 2.598
D90 (φ): 3.463 3.613 3.581 3.462
(D90 / D10) (φ): 2.028 2.006 1.965 3.066
(D90 - D10) (φ): 1.755 1.812 1.758 2.333
(D75 / D25) (φ): 1.328 1.306 1.299 1.413
(D75 - D25) (φ): 0.730 0.700 0.686 0.864
% GRAVEL: 0.0% 0.0% 0.0% 0.0%
% SAND: 95.2% 94.3% 94.4% 95.2%
% MUD: 4.8% 5.7% 5.6% 4.8%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.1% 0.0% 0.0% 0.4%
% COARSE SAND: 0.6% 0.5% 0.4% 8.4%
% MEDIUM SAND: 14.4% 12.5% 12.1% 12.3%
% FINE SAND: 63.7% 62.7% 64.0% 57.0%
% V FINE SAND: 16.4% 18.5% 17.9% 17.1%
% V COARSE SILT: 2.3% 2.6% 2.4% 1.9%
% COARSE SILT: 0.6% 0.8% 0.8% 0.7%
% MEDIUM SILT: 0.6% 0.8% 0.8% 0.7%
% FINE SILT: 0.6% 0.8% 0.8% 0.7%
% V FINE SILT: 0.6% 0.8% 0.8% 0.7%
% CLAY: 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS A8
15-28 28-40 53-65 65-79 79-87 87-90
ANALYST AND DATE: , , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Sand Sand Sand Sand
SEDIMENT NAME: Moderately Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 193.9 184.1 202.9 205.8 216.0 221.9
MOMENTS SORTING 110.1 101.2 116.8 119.1 126.8 127.7
Arithmetic (µm) SKEWNESS 2.258 2.424 1.902 1.619 1.472 1.461
KURTOSIS 13.82 15.09 9.701 7.256 6.470 6.390
METHOD OF MEAN 159.4 155.0 166.1 166.7 172.3 178.8
MOMENTS SORTING 2.031 1.896 2.030 2.073 2.152 2.111
Geometric (µm) SKEWNESS -2.247 -2.142 -2.078 -1.983 -1.979 -2.052
KURTOSIS 11.28 11.98 10.65 9.781 9.280 9.942
METHOD OF MEAN 2.649 2.689 2.590 2.585 2.537 2.484
MOMENTS SORTING 1.022 0.923 1.021 1.052 1.105 1.078
Logarithmic (φ) SKEWNESS 2.247 2.142 2.078 1.983 1.979 2.052
KURTOSIS 11.28 11.98 10.65 9.781 9.280 9.942
FOLK AND MEAN 171.8 162.4 179.2 179.8 187.8 195.1
WARD METHOD SORTING 1.634 1.595 1.689 1.743 1.783 1.750
(µm) SKEWNESS 0.095 0.046 0.085 0.028 -0.016 0.007
KURTOSIS 1.380 1.498 1.301 1.254 1.149 1.111
FOLK AND MEAN 2.541 2.622 2.481 2.476 2.412 2.358
WARD METHOD SORTING 0.708 0.674 0.756 0.801 0.835 0.808
(φ) SKEWNESS -0.095 -0.046 -0.085 -0.028 0.016 -0.007
KURTOSIS 1.380 1.498 1.301 1.254 1.149 1.111
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Sorted Moderately Well Sorted Moderately Sorted Moderately Sorted Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Symmetrical Symmetrical Symmetrical Symmetrical Symmetrical Symmetrical
KURTOSIS: Leptokurtic Leptokurtic Leptokurtic Leptokurtic Leptokurtic Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 152.5 152.5
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.737 2.737
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 95.12 93.24 94.37 90.99 90.48 94.86
D50 (µm): 164.0 159.1 169.9 173.9 184.2 188.9
D90 (µm): 335.8 305.6 359.4 368.7 391.3 398.2
(D90 / D10) (µm): 3.531 3.278 3.808 4.052 4.325 4.198
(D90 - D10) (µm): 240.7 212.4 265.0 277.7 300.9 303.3
(D75 / D25) (µm): 1.711 1.625 1.800 1.878 2.017 2.027
(D75 - D25) (µm): 93.59 81.14 105.9 114.7 134.3 139.9
D10 (φ): 1.574 1.710 1.477 1.439 1.354 1.329
D50 (φ): 2.608 2.652 2.557 2.524 2.441 2.404
D90 (φ): 3.394 3.423 3.406 3.458 3.466 3.398
(D90 / D10) (φ): 2.156 2.001 2.306 2.403 2.561 2.558
(D90 - D10) (φ): 1.820 1.713 1.929 2.019 2.113 2.070
(D75 / D25) (φ): 1.360 1.312 1.410 1.448 1.530 1.549
(D75 - D25) (φ): 0.775 0.701 0.848 0.909 1.012 1.019
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 95.9% 95.7% 95.8% 95.2% 95.1% 95.8%
% MUD: 4.1% 4.3% 4.2% 4.8% 4.9% 4.2%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 1.0% 0.8% 1.3% 1.3% 1.6% 1.8%
% MEDIUM SAND: 17.3% 13.7% 20.5% 22.4% 26.0% 27.5%
% FINE SAND: 62.6% 65.1% 59.1% 55.2% 51.6% 52.3%
% V FINE SAND: 15.0% 16.1% 14.9% 16.4% 15.9% 14.2%
% V COARSE SILT: 0.8% 2.0% 1.3% 1.8% 1.6% 1.1%
% COARSE SILT: 0.8% 0.6% 0.7% 0.7% 0.8% 0.8%
% MEDIUM SILT: 0.8% 0.6% 0.7% 0.7% 0.8% 0.8%
% FINE SILT: 0.8% 0.6% 0.7% 0.7% 0.8% 0.8%
% V FINE SILT: 0.8% 0.6% 0.7% 0.7% 0.8% 0.7%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS B1
0-35 35-62 62-72 72-87 875-96
ANALYST AND DATE: , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Sand Sand Sand
SEDIMENT NAME: Moderately Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 184.2 193.2 209.7 223.7 223.8
MOMENTS SORTING 107.1 104.4 111.5 116.9 118.2
Arithmetic (µm) SKEWNESS 2.639 2.156 1.666 1.427 1.347
KURTOSIS 20.33 13.45 9.158 7.566 6.983
METHOD OF MEAN 151.1 164.7 177.7 189.7 185.7
MOMENTS SORTING 2.020 1.807 1.842 1.836 1.986
Geometric (µm) SKEWNESS -2.065 -1.740 -1.786 -1.696 -2.144
KURTOSIS 10.36 11.13 10.85 10.23 11.03
METHOD OF MEAN 2.726 2.602 2.492 2.398 2.429
MOMENTS SORTING 1.014 0.854 0.881 0.876 0.990
Logarithmic (φ) SKEWNESS 2.065 1.740 1.786 1.696 2.144
KURTOSIS 10.36 11.13 10.85 10.23 11.03
FOLK AND MEAN 160.0 171.9 189.1 202.1 201.4
WARD METHOD SORTING 1.680 1.624 1.655 1.674 1.698
(µm) SKEWNESS -0.004 0.098 0.108 0.031 -0.037
KURTOSIS 1.536 1.361 1.212 1.080 1.122
FOLK AND MEAN 2.644 2.541 2.403 2.307 2.312
WARD METHOD SORTING 0.748 0.699 0.727 0.743 0.764
(φ) SKEWNESS 0.004 -0.098 -0.108 -0.031 0.037
KURTOSIS 1.536 1.361 1.212 1.080 1.122
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Sorted Moderately Well Sorted Moderately Sorted Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Symmetrical Symmetrical Coarse Skewed Symmetrical Symmetrical
KURTOSIS: Very Leptokurtic Leptokurtic Leptokurtic Mesokurtic Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 215.0
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.237
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 85.71 95.82 99.59 102.4 98.55
D50 (µm): 158.1 164.0 177.2 194.1 198.4
D90 (µm): 319.6 333.3 366.1 390.6 388.3
(D90 / D10) (µm): 3.729 3.479 3.676 3.815 3.940
(D90 - D10) (µm): 233.9 237.5 266.5 288.2 289.8
(D75 / D25) (µm): 1.688 1.709 1.826 1.965 1.961
(D75 - D25) (µm): 87.41 93.37 112.6 136.5 136.0
D10 (φ): 1.646 1.585 1.450 1.356 1.365
D50 (φ): 2.661 2.608 2.497 2.365 2.333
D90 (φ): 3.544 3.384 3.328 3.288 3.343
(D90 / D10) (φ): 2.154 2.135 2.296 2.424 2.450
(D90 - D10) (φ): 1.899 1.799 1.878 1.932 1.978
(D75 / D25) (φ): 1.340 1.359 1.433 1.528 1.525
(D75 - D25) (φ): 0.755 0.773 0.868 0.975 0.972
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 94.7% 96.1% 96.5% 96.7% 96.2%
% MUD: 5.3% 3.9% 3.5% 3.3% 3.8%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.1% 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 0.6% 0.7% 0.8% 1.0% 1.1%
% MEDIUM SAND: 15.4% 17.6% 23.9% 29.0% 28.9%
% FINE SAND: 60.8% 62.7% 58.6% 54.8% 53.5%
% V FINE SAND: 17.8% 15.1% 13.1% 11.9% 12.7%
% V COARSE SILT: 2.3% 2.5% 2.1% 2.1% 1.5%
% COARSE SILT: 0.8% 0.3% 0.4% 0.3% 0.6%
% MEDIUM SILT: 0.8% 0.3% 0.4% 0.3% 0.6%
% FINE SILT: 0.8% 0.3% 0.4% 0.3% 0.6%
% V FINE SILT: 0.8% 0.3% 0.3% 0.3% 0.6%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0%
:)( aσ
:)( ax
:)( aSk
:)( aK
:)( gx
:)( gσ
:)( gSk
:)( gK
:)( φx
:)( φσ
:)φSk(
:)( φK
:)( ZM
:)( Iσ
:)( ISk
:)( GK
:)( GK
:)( GM
:)( Gσ
:)( GSk
 
 -162- 
SAMPLE STATISTICS B2
0-35 33-46 70-84 97-1
ANALYST AND DATE: , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted
TEXTURAL GROUP: Sand Sand Sand Sand
SEDIMENT NAME: Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand
METHOD OF MEAN 210.5 220.2 216.3 216.0
MOMENTS SORTING 114.4 132.0 113.2 107.0
Arithmetic (µm) SKEWNESS 1.764 3.258 2.268 2.160
KURTOSIS 10.73 26.22 17.06 14.73
METHOD OF MEAN 172.1 182.1 183.4 186.1
MOMENTS SORTING 2.092 1.965 1.884 1.821
Geometric (µm) SKEWNESS -2.352 -2.035 -2.263 -2.469
KURTOSIS 11.18 11.27 12.83 14.82
METHOD OF MEAN 2.539 2.457 2.447 2.426
MOMENTS SORTING 1.065 0.974 0.914 0.865
Logarithmic (φ) SKEWNESS 2.352 2.035 2.263 2.469
KURTOSIS 11.18 11.27 12.83 14.82
FOLK AND MEAN 189.9 196.5 196.6 196.7
WARD METHOD SORTING 1.665 1.668 1.615 1.553
(µm) SKEWNESS 0.039 -0.007 0.009 0.021
KURTOSIS 1.246 1.225 1.243 1.229
FOLK AND MEAN 2.397 2.347 2.346 2.346
WARD METHOD SORTING 0.735 0.739 0.691 0.635
(φ) SKEWNESS -0.039 0.007 -0.009 -0.021
KURTOSIS 1.246 1.225 1.243 1.229
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Sorted Moderately Sorted Moderately Well Sorted Moderately Well Sorted
(Description) SKEWNESS: Symmetrical Symmetrical Symmetrical Symmetrical
KURTOSIS: Leptokurtic Leptokurtic Leptokurtic Leptokurtic
MODE 1 (µm): 152.5 215.0 215.0 215.0
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.237 2.237 2.237
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 98.17 99.35 104.9 112.7
D50 (µm): 182.7 192.4 192.7 195.0
D90 (µm): 363.0 372.6 359.2 349.2
(D90 / D10) (µm): 3.698 3.750 3.426 3.100
(D90 - D10) (µm): 264.8 273.2 254.4 236.6
(D75 / D25) (µm): 1.814 1.839 1.750 1.672
(D75 - D25) (µm): 111.5 117.6 107.0 98.47
D10 (φ): 1.462 1.424 1.477 1.518
D50 (φ): 2.452 2.378 2.376 2.359
D90 (φ): 3.349 3.331 3.254 3.150
(D90 / D10) (φ): 2.290 2.339 2.203 2.075
(D90 - D10) (φ): 1.887 1.907 1.777 1.632
(D75 / D25) (φ): 1.428 1.449 1.403 1.365
(D75 - D25) (φ): 0.859 0.879 0.807 0.741
% GRAVEL: 0.0% 0.0% 0.0% 0.0%
% SAND: 96.3% 96.4% 97.0% 97.6%
% MUD: 3.7% 3.6% 3.0% 2.4%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.0% 0.2% 0.1% 0.0%
% COARSE SAND: 1.0% 1.3% 0.9% 1.0%
% MEDIUM SAND: 23.5% 24.8% 23.9% 21.8%
% FINE SAND: 58.5% 57.4% 60.6% 64.8%
% V FINE SAND: 13.2% 12.6% 11.4% 10.0%
% V COARSE SILT: 0.2% 1.4% 1.1% 0.6%
% COARSE SILT: 0.9% 0.6% 0.5% 0.5%
% MEDIUM SILT: 0.9% 0.6% 0.5% 0.5%
% FINE SILT: 0.9% 0.6% 0.5% 0.5%
% V FINE SILT: 0.9% 0.5% 0.5% 0.4%
% CLAY: 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS B3
0-52 98-1.2
ANALYST AND DATE: , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand
SEDIMENT NAME: Moderately Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 214.8 236.7
MOMENTS SORTING 148.6 134.8
Arithmetic (µm) SKEWNESS 2.207 1.581
KURTOSIS 10.47 9.952
METHOD OF MEAN 166.2 193.5
MOMENTS SORTING 2.205 1.996
Geometric (µm) SKEWNESS -1.724 -1.650
KURTOSIS 8.607 8.631
METHOD OF MEAN 2.589 2.370
MOMENTS SORTING 1.141 0.997
Logarithmic (φ) SKEWNESS 1.724 1.650
KURTOSIS 8.607 8.631
FOLK AND MEAN 179.8 204.9
WARD METHOD SORTING 1.799 1.798
(µm) SKEWNESS 0.106 -0.097
KURTOSIS 1.248 0.998
FOLK AND MEAN 2.475 2.287
WARD METHOD SORTING 0.847 0.846
(φ) SKEWNESS -0.106 0.097
KURTOSIS 1.248 0.998
FOLK AND MEAN: Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Coarse Skewed Symmetrical
KURTOSIS: Leptokurtic Mesokurtic
MODE 1 (µm): 152.5 215.0
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.237
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 89.81 93.33
D50 (µm): 167.8 206.8
D90 (µm): 395.9 416.2
(D90 / D10) (µm): 4.409 4.459
(D90 - D10) (µm): 306.1 322.9
(D75 / D25) (µm): 1.947 2.232
(D75 - D25) (µm): 122.5 170.9
D10 (φ): 1.337 1.265
D50 (φ): 2.575 2.274
D90 (φ): 3.477 3.422
(D90 / D10) (φ): 2.601 2.705
(D90 - D10) (φ): 2.140 2.157
(D75 / D25) (φ): 1.483 1.685
(D75 - D25) (φ): 0.962 1.158
% GRAVEL: 0.0% 0.0%
% SAND: 95.0% 95.6%
% MUD: 5.0% 4.4%
% V COARSE GRAVEL: 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0%
% V COARSE SAND: 0.1% 0.1%
% COARSE SAND: 3.6% 1.6%
% MEDIUM SAND: 21.6% 35.6%
% FINE SAND: 53.0% 44.1%
% V FINE SAND: 16.7% 14.3%
% V COARSE SILT: 1.4% 2.8%
% COARSE SILT: 0.9% 0.4%
% MEDIUM SILT: 0.9% 0.4%
% FINE SILT: 0.9% 0.4%
% V FINE SILT: 0.9% 0.4%
% CLAY: 0.0% 0.0%
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SAMPLE STATISTICS B4
0-21 77-82 82-95 96-1.2
ANALYST AND DATE: , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Sand Sand
SEDIMENT NAME: Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 167.3 171.5 185.9 192.9
MOMENTS SORTING 154.1 95.90 114.1 119.3
Arithmetic (µm) SKEWNESS 5.181 2.483 3.091 2.205
KURTOSIS 39.74 18.45 24.88 14.77
METHOD OF MEAN 123.4 139.7 150.1 151.3
MOMENTS SORTING 2.345 2.098 2.100 2.233
Geometric (µm) SKEWNESS -1.574 -2.250 -2.108 -1.960
KURTOSIS 7.343 10.11 10.09 8.604
METHOD OF MEAN 3.019 2.840 2.736 2.725
MOMENTS SORTING 1.230 1.069 1.070 1.159
Logarithmic (φ) SKEWNESS 1.574 2.250 2.108 1.960
KURTOSIS 7.343 10.11 10.09 8.604
FOLK AND MEAN 134.1 152.0 161.8 166.9
WARD METHOD SORTING 1.959 1.707 1.682 1.874
(µm) SKEWNESS -0.254 -0.098 0.033 -0.043
KURTOSIS 2.189 1.838 1.530 1.534
FOLK AND MEAN 2.898 2.718 2.628 2.583
WARD METHOD SORTING 0.970 0.771 0.750 0.906
(φ) SKEWNESS 0.254 0.098 -0.033 0.043
KURTOSIS 2.189 1.838 1.530 1.534
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Sorted Moderately Sorted Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Fine Skewed Symmetrical Symmetrical Symmetrical
KURTOSIS: Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 64.76 80.58 88.15 79.48
D50 (µm): 141.4 152.1 157.5 161.4
D90 (µm): 245.1 279.8 324.8 350.4
(D90 / D10) (µm): 3.784 3.472 3.685 4.408
(D90 - D10) (µm): 180.3 199.2 236.6 270.9
(D75 / D25) (µm): 1.716 1.604 1.683 1.882
(D75 - D25) (µm): 73.04 73.77 87.00 109.0
D10 (φ): 2.029 1.838 1.622 1.513
D50 (φ): 2.822 2.717 2.666 2.631
D90 (φ): 3.949 3.633 3.504 3.653
(D90 / D10) (φ): 1.946 1.977 2.160 2.414
(D90 - D10) (φ): 1.920 1.796 1.882 2.140
(D75 / D25) (φ): 1.310 1.290 1.338 1.433
(D75 - D25) (φ): 0.779 0.682 0.751 0.912
% GRAVEL: 0.0% 0.0% 0.0% 0.0%
% SAND: 90.8% 94.1% 94.9% 94.0%
% MUD: 9.2% 5.9% 5.1% 6.0%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.6% 0.0% 0.1% 0.1%
% COARSE SAND: 1.8% 0.5% 0.9% 1.0%
% MEDIUM SAND: 6.8% 11.8% 15.8% 19.8%
% FINE SAND: 55.3% 61.7% 60.4% 53.7%
% V FINE SAND: 26.2% 20.1% 17.7% 19.4%
% V COARSE SILT: 3.3% 1.6% 1.3% 1.6%
% COARSE SILT: 1.5% 1.1% 1.0% 1.1%
% MEDIUM SILT: 1.5% 1.1% 1.0% 1.1%
% FINE SILT: 1.5% 1.1% 1.0% 1.1%
% V FINE SILT: 1.4% 1.0% 0.9% 1.1%
% CLAY: 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS B5
24-32 67-75 43-53 75-82 83-1.3
ANALYST AND DATE: , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Sorted Unimodal, Moderately Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Sand Sand Sand
SEDIMENT NAME: Moderately Sorted Fine Sand Moderately Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 156.3 185.6 162.0 170.5 179.6
MOMENTS SORTING 102.1 141.7 74.08 92.91 102.4
Arithmetic (µm) SKEWNESS 5.794 3.141 3.426 2.649 1.758
KURTOSIS 63.16 16.17 34.69 22.57 10.74
METHOD OF MEAN 125.0 143.2 140.5 139.7 142.0
MOMENTS SORTING 2.188 2.190 1.845 2.086 2.240
Geometric (µm) SKEWNESS -2.276 -1.753 -2.978 -2.323 -2.091
KURTOSIS 9.423 8.941 15.49 10.38 8.620
METHOD OF MEAN 3.000 2.804 2.831 2.840 2.816
MOMENTS SORTING 1.130 1.131 0.884 1.061 1.163
Logarithmic (φ) SKEWNESS 2.276 1.753 2.978 2.323 2.091
KURTOSIS 9.423 8.941 15.49 10.38 8.620
FOLK AND MEAN 138.8 152.3 150.6 152.2 156.6
WARD METHOD SORTING 1.763 1.768 1.437 1.688 1.865
(µm) SKEWNESS -0.346 -0.035 -0.063 -0.111 -0.161
KURTOSIS 2.510 2.041 1.801 1.802 1.625
FOLK AND MEAN 2.849 2.715 2.731 2.716 2.675
WARD METHOD SORTING 0.818 0.822 0.523 0.755 0.899
(φ) SKEWNESS 0.346 0.035 0.063 0.111 0.161
KURTOSIS 2.510 2.041 1.801 1.802 1.625
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Sorted Moderately Sorted Moderately Well Sorted Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Very Fine Skewed Symmetrical Symmetrical Fine Skewed Fine Skewed
KURTOSIS: Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 152.5
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.737
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 73.16 80.80 94.97 81.36 75.00
D50 (µm): 145.2 151.8 150.7 152.7 157.8
D90 (µm): 225.9 296.7 230.7 272.3 310.9
(D90 / D10) (µm): 3.087 3.673 2.429 3.347 4.146
(D90 - D10) (µm): 152.7 215.9 135.8 191.0 235.9
(D75 / D25) (µm): 1.511 1.600 1.373 1.598 1.873
(D75 - D25) (µm): 58.59 73.20 47.94 73.69 102.1
D10 (φ): 2.146 1.753 2.116 1.877 1.685
D50 (φ): 2.784 2.720 2.730 2.712 2.664
D90 (φ): 3.773 3.630 3.396 3.620 3.737
(D90 / D10) (φ): 1.758 2.071 1.605 1.929 2.217
(D90 - D10) (φ): 1.626 1.877 1.281 1.743 2.052
(D75 / D25) (φ): 1.235 1.288 1.183 1.289 1.413
(D75 - D25) (φ): 0.595 0.678 0.457 0.677 0.906
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 93.0% 94.1% 96.0% 94.2% 93.3%
% MUD: 7.0% 5.9% 4.0% 5.8% 6.7%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.2% 0.1% 0.0% 0.0% 0.0%
% COARSE SAND: 0.8% 3.9% 0.3% 0.4% 0.5%
% MEDIUM SAND: 4.7% 8.9% 5.8% 11.4% 16.1%
% FINE SAND: 65.5% 61.1% 73.4% 62.5% 55.4%
% V FINE SAND: 21.8% 20.2% 16.5% 19.8% 21.2%
% V COARSE SILT: 1.3% 1.6% 0.9% 1.6% 1.7%
% COARSE SILT: 1.5% 1.1% 0.8% 1.1% 1.3%
% MEDIUM SILT: 1.5% 1.1% 0.8% 1.1% 1.3%
% FINE SILT: 1.5% 1.1% 0.8% 1.1% 1.3%
% V FINE SILT: 1.4% 1.0% 0.7% 1.0% 1.2%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS B6
0-32 42-52 55-68 83-93
ANALYST AND DATE: , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted
TEXTURAL GROUP: Sand Sand Sand Sand
SEDIMENT NAME: Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand
METHOD OF MEAN 152.0 154.7 161.9 174.2
MOMENTS SORTING 73.35 74.57 70.10 94.59
Arithmetic (µm) SKEWNESS 3.551 3.678 1.943 2.784
KURTOSIS 44.85 44.47 13.37 26.01
METHOD OF MEAN 126.9 131.6 140.0 142.4
MOMENTS SORTING 2.045 1.933 1.874 2.107
Geometric (µm) SKEWNESS -2.619 -2.652 -2.915 -2.351
KURTOSIS 11.07 12.41 14.47 10.34
METHOD OF MEAN 2.978 2.926 2.837 2.812
MOMENTS SORTING 1.032 0.951 0.906 1.075
Logarithmic (φ) SKEWNESS 2.619 2.652 2.915 2.351
KURTOSIS 11.07 12.41 14.47 10.34
FOLK AND MEAN 139.5 141.8 150.9 155.5
WARD METHOD SORTING 1.608 1.544 1.477 1.689
(µm) SKEWNESS -0.322 -0.246 -0.076 -0.118
KURTOSIS 2.092 1.929 1.759 1.667
FOLK AND MEAN 2.842 2.818 2.729 2.685
WARD METHOD SORTING 0.685 0.627 0.562 0.756
(φ) SKEWNESS 0.322 0.246 0.076 0.118
KURTOSIS 2.092 1.929 1.759 1.667
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Well Sorted Moderately Well Sorted Moderately Well Sorted Moderately Sorted
(Description) SKEWNESS: Very Fine Skewed Fine Skewed Symmetrical Fine Skewed
KURTOSIS: Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 75.71 78.99 92.55 83.32
D50 (µm): 145.8 146.9 151.3 155.8
D90 (µm): 222.4 225.6 235.4 282.5
(D90 / D10) (µm): 2.937 2.856 2.543 3.390
(D90 - D10) (µm): 146.7 146.6 142.8 199.2
(D75 / D25) (µm): 1.471 1.439 1.406 1.651
(D75 - D25) (µm): 55.45 53.19 51.87 81.48
D10 (φ): 2.169 2.148 2.087 1.824
D50 (φ): 2.778 2.767 2.724 2.682
D90 (φ): 3.723 3.662 3.434 3.585
(D90 / D10) (φ): 1.717 1.705 1.645 1.966
(D90 - D10) (φ): 1.554 1.514 1.347 1.761
(D75 / D25) (φ): 1.220 1.208 1.199 1.318
(D75 - D25) (φ): 0.557 0.525 0.492 0.724
% GRAVEL: 0.0% 0.0% 0.0% 0.0%
% SAND: 93.4% 93.9% 95.6% 94.4%
% MUD: 6.6% 6.1% 4.4% 5.6%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 0.2% 0.3% 0.2% 0.4%
% MEDIUM SAND: 4.6% 5.0% 6.6% 12.7%
% FINE SAND: 67.5% 68.3% 71.3% 61.9%
% V FINE SAND: 21.1% 20.3% 17.5% 19.3%
% V COARSE SILT: 1.8% 2.5% 1.2% 1.2%
% COARSE SILT: 1.2% 0.9% 0.8% 1.1%
% MEDIUM SILT: 1.2% 0.9% 0.8% 1.1%
% FINE SILT: 1.2% 0.9% 0.8% 1.1%
% V FINE SILT: 1.2% 0.9% 0.8% 1.1%
% CLAY: 0.0% 0.0% 0.0% 0.0%
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SAMPLE STATISTICS B7
0-28 28-38 46-58 58-78 95-1.2
ANALYST AND DATE: , , , , , 
SIEVING ERROR:
SAMPLE TYPE: Unimodal, Moderately Well Sorted Unimodal, Moderately Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted Unimodal, Moderately Well Sorted
TEXTURAL GROUP: Sand Sand Sand Sand Sand
SEDIMENT NAME: Moderately Well Sorted Fine Sand Moderately Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand Moderately Well Sorted Fine Sand
METHOD OF MEAN 181.8 147.6 151.0 163.8 167.2
MOMENTS SORTING 83.97 70.99 73.01 70.94 76.05
Arithmetic (µm) SKEWNESS 3.517 1.900 3.662 3.318 3.074
KURTOSIS 37.13 14.64 50.72 38.12 35.18
METHOD OF MEAN 159.0 120.8 126.2 145.3 144.4
MOMENTS SORTING 1.793 2.138 2.036 1.706 1.873
Geometric (µm) SKEWNESS -3.000 -2.412 -2.576 -2.839 -2.905
KURTOSIS 17.32 9.435 10.93 17.08 14.80
METHOD OF MEAN 2.653 3.049 2.986 2.783 2.792
MOMENTS SORTING 0.842 1.096 1.026 0.771 0.905
Logarithmic (φ) SKEWNESS 3.000 2.412 2.576 2.839 2.905
KURTOSIS 17.32 9.435 10.93 17.08 14.80
FOLK AND MEAN 169.3 135.5 138.3 153.2 155.7
WARD METHOD SORTING 1.424 1.728 1.607 1.441 1.480
(µm) SKEWNESS 0.091 -0.364 -0.322 -0.037 -0.011
KURTOSIS 1.181 2.029 1.980 1.767 1.630
FOLK AND MEAN 2.563 2.884 2.854 2.707 2.683
WARD METHOD SORTING 0.510 0.789 0.684 0.527 0.566
(φ) SKEWNESS -0.091 0.364 0.322 0.037 0.011
KURTOSIS 1.181 2.029 1.980 1.767 1.630
FOLK AND MEAN: Fine Sand Fine Sand Fine Sand Fine Sand Fine Sand
WARD METHOD SORTING: Moderately Well Sorted Moderately Sorted Moderately Well Sorted Moderately Well Sorted Moderately Well Sorted
(Description) SKEWNESS: Symmetrical Very Fine Skewed Very Fine Skewed Symmetrical Symmetrical
KURTOSIS: Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic Very Leptokurtic
MODE 1 (µm): 152.5 152.5 152.5 152.5 152.5
MODE 2 (µm):
MODE 3 (µm):
MODE 1 (φ): 2.737 2.737 2.737 2.737 2.737
MODE 2 (φ):
MODE 3 (φ):
D10 (µm): 105.0 68.78 73.59 95.91 95.29
D50 (µm): 164.6 142.7 145.1 152.1 153.9
D90 (µm): 257.6 221.9 222.4 234.2 243.1
(D90 / D10) (µm): 2.454 3.227 3.021 2.442 2.551
(D90 - D10) (µm): 152.6 153.2 148.8 138.3 147.8
(D75 / D25) (µm): 1.569 1.603 1.496 1.382 1.451
(D75 - D25) (µm): 76.72 64.90 57.27 49.41 58.33
D10 (φ): 1.957 2.172 2.169 2.094 2.040
D50 (φ): 2.603 2.809 2.785 2.717 2.700
D90 (φ): 3.252 3.862 3.764 3.382 3.392
(D90 / D10) (φ): 1.662 1.778 1.735 1.615 1.662
(D90 - D10) (φ): 1.295 1.690 1.595 1.288 1.351
(D75 / D25) (φ): 1.290 1.269 1.229 1.188 1.222
(D75 - D25) (φ): 0.650 0.681 0.581 0.467 0.537
% GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% SAND: 97.5% 92.0% 93.1% 96.2% 96.1%
% MUD: 2.5% 8.0% 6.9% 3.8% 3.9%
% V COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% MEDIUM GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% V FINE GRAVEL: 0.0% 0.0% 0.0% 0.0% 0.0%
% V COARSE SAND: 0.0% 0.0% 0.0% 0.0% 0.0%
% COARSE SAND: 0.4% 0.2% 0.1% 0.2% 0.2%
% MEDIUM SAND: 10.2% 4.5% 4.8% 6.4% 8.2%
% FINE SAND: 73.8% 62.8% 66.5% 73.8% 71.5%
% V FINE SAND: 13.0% 24.5% 21.6% 15.9% 16.2%
% V COARSE SILT: 0.2% 2.5% 2.4% 2.0% 0.8%
% COARSE SILT: 0.6% 1.4% 1.2% 0.5% 0.8%
% MEDIUM SILT: 0.6% 1.4% 1.2% 0.5% 0.8%
% FINE SILT: 0.6% 1.4% 1.2% 0.5% 0.8%
% V FINE SILT: 0.6% 1.3% 1.1% 0.4% 0.8%
% CLAY: 0.0% 0.0% 0.0% 0.0% 0.0%
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Appendix 3: Hydrometer 
169 
sand clay silt sand clay silt 
20-30 82.80784 13.68099 3.511167 100 5-10 75.53845 12.78125 11.6803 100
30-35 77.07549 17.44356 5.480957 100 10-17 77.68718 11.99637 10.31645 100
35-55 86.46774 11.13115 2.401105 100 10-38 67.15848 23.31728 9.524236 100
70-80 86.97543 9.045293 3.979272 100 38-50 80.51558 11.16937 8.315054 100
85-102 88.99806 7.212102 3.789841 100 55-65 83.63165 8.73022 7.638133 100
101-111 83.50901 12.48333 4.007664 100 65-80 79.38708 13.55368 7.059242 100
111-121 86.77698 9.158491 4.064528 100 80-90 88.8456 5.053132 6.101269 100
80-92 87.59852 4.45034 7.951139 100
105-117 85.96006 8.70122 5.33872 100
sand clay silt sand clay silt 
20-25 88.33884 7.599181 4.061976 100 20-31 83.6668 8.304991 8.028208 100
25-40 86.67675 9.499478 3.823775 100 31-42 71.65968 15.24206 13.09826 100
40-64 89.92255 6.306536 3.770912 100 50-65 82.48009 10.06299 7.45692 100
64-70 78.97478 15.039 5.986219 100 78-90 83.28049 11.08271 5.636803 100
80-95 82.89269 9.436305 7.671005 100 90-100 81.10746 13.1289 5.763649 100
105-112 74.44048 18.68117 6.87835 100
sand clay silt sand clay silt 
0-15 85.1484 9.227119 5.624482 100 10-20 87.05889 5.338333 7.60278 100
27-32 77.17374 15.60656 7.219699 100 20-40 80.6359 12.34251 7.021595 100
50-61 74.98202 20.75273 4.265247 100 40-51 79.64853 10.38506 9.966406 100
61-74 71.01482 22.06094 6.924246 100 62-72 78.08596 15.48238 6.431657 100
74-81 77.29894 16.33679 6.364273 100 72-85 84.67483 9.618912 5.706259 100
81-91 62.81569 28.51362 8.670692 100 85-100 87.81605 6.678509 5.505446 100
105-116 72.03847 19.13714 8.824393 100 100-110 84.61255 8.155157 7.232289 100
118-122 74.11466 17.17574 8.709606 100
sand clay silt sand clay silt 
0-15 84.23297 8.281914 7.485115 100 15-28 88.32492 9.521004 2.154073 100
15-30 78.24261 11.8537 9.903683 100 28-40 81.27081 10.13328 8.595909 100
30-40 84.75591 8.784963 6.459127 100 53-65 82.8642 11.84426 5.291538 100
40-57 78.30312 13.17318 8.523696 100 65-79 79.81373 12.55423 7.632042 100
79-87 76.93756 15.67958 7.382859 100
87-90 73.27256 19.69344 7.034 100
A8A7
A5 A6
A1 A2
A4A3
 
 -170- 
sand clay silt sand clay silt 
0-35 82.56546 10.1039 7.330644 100 0-33 85.65912 13.67884 0.662042 100
35-62 86.30614 4.842719 8.851139 100 32-46 74.97057 15.1691 9.860333 100
62-75 89.16447 4.356729 6.478798 100 70-84 77.60263 14.47928 7.918092 100
72-87 86.40641 4.793451 8.800135 100 97-120 83.91757 12.23039 3.852037 100
87.5-120 72.79234 16.6244 10.58326 100
sand clay silt sand clay silt 
0-52 80.41384 14.01732 5.568838 100 0-21 52.69338 30.3763 16.93031 100
98-120 85.69052 5.198112 9.111369 100 77-82 72.76699 19.78125 7.451759 100
82-96 71.81013 21.0665 7.123363 100
96-130 65.53098 25.50879 8.960232 100
sand clay silt sand clay silt 
24-32 67.7851 26.64147 5.573435 100 0-29 82.65519 12.57063 4.774178 100
43-53 71.93597 20.60984 7.454198 100 32-52 82.57303 10.28666 7.140302 100
67-75 81.28249 14.56775 4.149755 100 54-68 75.75435 17.60887 6.63678 100
75-82 78.47548 15.8617 5.662816 100 83-180 66.38389 26.53391 7.082205 100
83-150 67.20058 24.60647 8.192949 100
sand clay silt 
0-28 89.08569 10.34781 0.566505 100
28-38 74.74717 17.56033 7.692496 100
46-58 87.15968 8.519587 4.320738 100
58-78 90.37524 4.576198 5.048564 100
95-120 77.3247 18.09821 4.577092 100
B5 B6
B7
B1 B2
B3 B4
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Appendix 4: GPS points & resistivity 
measurements 
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X Y
26.65425 -33.68981
26.65425 -33.68994
26.65364 -33.69031
26.65308 -33.69047
26.65275 -33.69061
26.65211 -33.69081
26.65178 -33.69086
26.65228 -33.69072
26.65119 -33.69119
26.65069 -33.6915
26.65022 -33.69186
26.64978 -33.69183
26.64939 -33.69225
26.64881 -33.69244
26.64875 -33.69267
Auger points
X Y
26.65227 -33.69060
26.65192 -33.69078
26.64917 -33.69217
26.65000 -33.69188
26.65423 -33.68988
Infiltrometer
 -173- 
 
SAMPLE_NR GPS_ID X Y 3 6 9 12
A1 1 26.6523 -33.69087 409.00000000000 468.00000000000 595.00000000000 428.00000000000
A2 2 26.65358 -33.69025 492.00000000000 836.00000000000 328.00000000000 268.00000000000
A3 3 26.65308 -33.69027 1316.00000000000 479.00000000000 307.00000000000 284.00000000000
A4 4 26.65225 -33.69058 112.00000000000 135.00000000000 150.00000000000 175.00000000000
A5 5 26.65192 -33.69078 326.00000000000 129.00000000000 136.00000000000 143.00000000000
A6 6 26.65222 -33.69075 166.00000000000 226.00000000000 209.00000000000 214.00000000000
A7 7 26.65298 -33.69065 175.00000000000 218.00000000000 236.00000000000 242.00000000000
A8 8 26.65367 -33.68993 3521.00000000000 385.00000000000 1479.00000000000 748.00000000000
A9 9 26.65405 -33.69005 104.00000000000 105.00000000000 119.00000000000 139.00000000000
A10 10 26.65407 -33.68982 2370.00000000000 1650.00000000000 922.00000000000 645.00000000000
B1 11 26.65115 -33.6912 241.00000000000 196.00000000000 175.00000000000 163.00000000000
B2 12 26.6508 -33.6916 170.00000000000 95.00000000000 87.00000000000 89.00000000000
B3 13 26.65013 -33.69212 116.00000000000 98.00000000000 85.00000000000 86.00000000000
B4 14 26.64942 -33.69243 208.00000000000 102.00000000000 72.00000000000 71.00000000000
B5 15 26.64872 -33.69255 59.00000000000 57.00000000000 59.00000000000 69.00000000000
B6 16 26.6489 -33.69207 74.00000000000 71.00000000000 73.00000000000 81.00000000000
B7 17 26.64942 -33.6921 47.00000000000 53.00000000000 61.00000000000 71.00000000000
B8 18 26.64998 -33.6916 99.00000000000 98.00000000000 90.00000000000 96.00000000000
B9 19 26.65072 -33.69145 135.00000000000 104.00000000000 88.00000000000 90.00000000000
B10 20 26.65092 -33.6911 244.00000000000 301.00000000000 295.00000000000 271.00000000000
C1 21 26.64835 -33.69305 36.00000000000 38.00000000000 40.00000000000 46.00000000000
C2 22 26.64782 -33.69328 43.00000000000 44.00000000000 0.00000000000 49.00000000000
C3 23 26.64683 -33.69313 50.00000000000 3892.00000000000 35.00000000000 38.00000000000
C4 24 26.6462 -33.69358 25.00000000000 267.00000000000 29.00000000000 33.00000000000
C5 25 26.64675 -33.69403 28.00000000000 31.00000000000 32.00000000000 34.00000000000
C6 26 26.64755 -33.69385 22.00000000000 21.00000000000 23.00000000000 26.00000000000
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Appendix 5: Infiltrometer data 
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intervals time (mins) inner outer inner outer 
inner 
(liters 
added)
outer 
(liters 
added) inner outer time inner outer ave
0 0 5.1 5.195 0.1 0.195 0 0 cm3 cm3 cm3/hr cm3/hr cm3/hr
5 5 5.5 4.87 0.5 1.87 0 0 40 167.5 0.083333333 0.707060694 0.824318274 0.765689484
5 10 5.95 3.2 0.95 2.2 0 2 45 233 0.083333333 0.795443281 1.146663628 0.971053455
5 15 4.4 4.75 1.4 1.75 0 2 45 155 0.083333333 0.795443281 0.762801985 0.779122633
10 25 3.35 3.9 2.35 2.9 0 2 95 315 0.166666667 0.839634574 0.775105242 0.807369908
10 35 3.12 2.25 2.12 3.25 1 2 77 235 0.166666667 0.680545918 0.578253117 0.629399518
10 45 2.7 2.75 3.7 3.75 0 3 158 350 0.166666667 1.396444871 0.861228047 1.128836459
10 55 2.978 2.2 3.978 3.2 0 3 27.8 245 0.166666667 0.245703591 0.602859633 0.424281612
10 65 1.9 0.75 4.9 5.75 0 1 92.2 355 0.166666667 0.81488745 0.873531305 0.844209377
Infiltrometer Test 1
 -176- 
intervals time (mins) inner outer inner outer 
inner 
(liters 
added)
outer 
(liters 
added) inner outer time inner outer ave
0 0 5.25 5.25 0.25 0.25 0 0 cm3 cm3 cm3/hr cm3/hr cm3/hr
5 5 5.19 4.49 0.47 1.49 0 0 22 124 0.083333333 0.388883382 0.610241588 0.499562485
5 10 5.54 4.7 0.54 1.7 0 0 7 21 0.083333333 0.123735621 0.103347366 0.113541494
5 15 5.29 5.6 0.92 0.6 0 2 38 90 0.083333333 0.671707659 0.442917281 0.55731247
10 25 5.2 3.15 1.2 2.15 0 0 28 155 0.166666667 0.247471243 0.381400992 0.314436118
10 35 4.67 3.35 1.67 2.35 0 1 47 120 0.166666667 0.415398158 0.295278188 0.355338173
10 45 3.7 3.8 2.3 2.8 0 1 63 145 0.166666667 0.556810297 0.356794477 0.456802387
10 55 3.5 3.925 2.5 2.93 0 1 20 113 0.166666667 0.176765174 0.278053627 0.2274094
10 65 3.92 2.97 2.92 3.97 0 1 42 204 0.166666667 0.371206864 0.501972919 0.436589892
Infiltrometer Test 2
 -177- 
intervals time (mins) inner outer inner outer 
inner 
(liters 
added)
outer 
(liters 
added) inner outer time inner outer ave
0 0 5.21 5.7 0.21 0.21 0 0 cm3 cm3 cm3/hr cm3/hr cm3/hr
5 5 5.3 4.25 0.3 1.25 0 0 9 104 0.083333333 0.159088656 0.511815525 0.335452091
5 10 5.45 3.37 0.45 2.37 0 0 15 112 0.083333333 0.26514776 0.55118595 0.408166855
5 15 5.65 5.85 0.65 0.85 0 3 20 148 0.083333333 0.353530347 0.728352863 0.540941605
10 25 5 4.25 1 1.25 0 2 35 240 0.166666667 0.309339054 0.590556375 0.449947714
10 35 4.3 2.35 1.3 3.35 0 0 30 210 0.166666667 0.26514776 0.516736828 0.390942294
10 45 4.6 2.4 1.6 3.4 0 2 30 205 0.166666667 0.26514776 0.50443357 0.384790665
10 55 3.5 2.5 2.1 3.5 0 2 50 210 0.166666667 0.441912934 0.516736828 0.479324881
10 65 3.55 1.15 2.55 4.15 0 1 45 165 0.166666667 0.39772164 0.406007508 0.401864574
15 80 4.95 3.65 1.95 2.65 1 4 40 250 0.250000000 0.235686898 0.410108594 0.322897746
15 95 3.35 2.6 2.35 3.6 0 2 40 295 0.250000000 0.235686898 0.483928141 0.359807519
15 110 3.8 4.3 2.8 1.3 0 5 45 270 0.250000000 0.26514776 0.442917281 0.354032521
15 125 2.3 2.65 3.3 3.65 0 0 50 235 0.250000000 0.294608623 0.385502078 0.34005535
15 140 2.75 2 3.75 4 0 2 45 235 0.250000000 0.26514776 0.385502078 0.325324919
15 155 2.2 2.5 3.2 2.5 1 4 45 250 0.250000000 0.26514776 0.410108594 0.337628177
15 170 2.56 2.4 3.56 3.4 0 1 36 190 0.250000000 0.212118208 0.311682531 0.26190037
15 185 1.5 1.825 4 4.825 0 1 44 242.5 0.250000000 0.259255588 0.397805336 0.328530462
Infiltrometer Test 3
 -178- 
intervals time (mins) inner outer inner outer 
inner 
(liters 
added)
outer 
(liters 
added) inner outer time inner outer ave
0 0 5.5 5.6 0.5 0.6 0 0 cm3 cm3 cm3/hr cm3/hr cm3/hr
5 5 5.58 3.5 0.58 2.5 0 0 8 190 0.08 0.14 0.94 0.54
5 10 4.35 2.23 1.35 3.23 0 0 77 73 0.08 1.36 0.36 0.86
5 15 4.95 1.45 1.95 4.45 0 0 60 122 0.08 1.06 0.60 0.83
5 20 3.55 2.1 2.55 3.1 0 2 60 65 0.08 1.06 0.32 0.69
10 30 2.36 2.4 3.36 3.4 0 2 81 230 0.17 0.72 0.57 0.64
10 40 3.23 3.5 2.23 2.5 2 3 87 210 0.17 0.77 0.52 0.64
10 50 3.12 3.75 2.12 2.75 1 2 89 225 0.17 0.79 0.55 0.67
10 60 3.1 3.6 3 2.6 0 2 88 185 0.17 0.78 0.46 0.62
10 70 2.2 2.97 4 3.97 0 1 100 237 0.17 0.88 0.58 0.73
10 80 4.8 3.9 1.8 2.9 3 3 80 193 0.17 0.71 0.47 0.59
15 95 3.95 4.45 2.95 1.45 0 4 115 255 0.25 0.68 0.42 0.55
15 110 1.57 3.95 4.57 2.95 2 162 350 0.25 0.95 0.57 0.76
15 125 3.8 4.7 2.8 1.7 3 4 123 275 0.25 0.72 0.45 0.59
15 140 1.15 1.9 4.15 4.9 0 0 135 320 0.25 0.80 0.52 0.66
15 155 3.34 4.7 2.34 1.7 3 6 119 280 0.25 0.70 0.46 0.58
15 170 2.46 2.65 3.46 3.65 0 1 112 295 0.25 0.66 0.48 0.57
15 185 3.84 2.4 2.84 3.4 2 3 138 275 0.25 0.81 0.45 0.63
15 200 1.25 0.4 4.25 5.4 0 1 141 300 0.25 0.83 0.49 0.66
Infiltrometer Test 4
 -179- 
intervals time (mins) inner outer inner outer 
inner 
(liters 
added)
outer 
(liters 
added) inner outer time inner outer ave
0 5.65 5.5 0.65 0.5 0 0 cm3 cm3 cm3/hr cm3/hr cm3/hr
5 5.75 4.66 0.75 1.66 0 0 10 116 0.0833333333 0.176765174 0.570871163 0.373818168
10 4.21 2.25 1.21 3.25 0 0 46 159 0.0833333333 0.813119798 0.782487197 0.797803498
15 3.45 4.68 2.45 1.68 0 2 124 43 0.0833333333 2.191888151 0.211616034 1.201752093
25 4 4.9 3 1.9 0 2 55 222 0.1666666667 0.486104227 0.546264647 0.516184437
35 3.75 2.45 2.75 3.45 1 1 75 255 0.1666666667 0.662869401 0.627466149 0.645167775
45 4.45 3 1.45 3 2 3 70 255 0.1666666667 0.618678107 0.627466149 0.623072128
55 3.15 2.7 2.15 3.7 0 2 70 270 0.1666666667 0.618678107 0.664375922 0.641527015
65 3.9 2.12 2.9 3.12 0 3 75 242 0.1666666667 0.662869401 0.595477678 0.629173539
75 4.43 3.2 1.43 2.2 2 3 53 208 0.1666666667 0.46842771 0.511815525 0.490121617
90 4.15 3.15 1.15 2.15 1 3 72 295 0.2500000000 0.424236416 0.483928141 0.454082279
105 4.1 3.65 1.1 2.65 1 3 95 350 0.2500000000 0.559756383 0.574152031 0.566954207
120 3.45 3.45 1.45 2.45 0 3 35 280 0.2500000000 0.206226036 0.459321625 0.33277383
135 5.15 4.8 0.15 1.8 2 4 70 335 0.2500000000 0.412452072 0.549545516 0.480998794
150 4.25 2.725 1.25 3.725 0 2 110 392.5 0.2500000000 0.64813897 0.643870492 0.646004731
165 4.85 1.15 1.85 4.15 1 3 160 342.5 0.2500000000 0.942747592 0.561848774 0.752298183
180 3.83 2.65 2.83 3.65 0 4 98 350 0.2500000000 0.5774329 0.574152031 0.575792466
195 4.55 2.27 1.55 3.27 2 4 72 362 0.2500000000 0.424236416 0.593837244 0.50903683
210 4.45 4.45 1.45 1.45 1 5 90 318 0.2500000000 0.530295521 0.521658131 0.525976826
225 3.35 5.5 2.35 0.5 0 4 90 305 0.2500000000 0.530295521 0.500332484 0.515314002
240 3.23 2.95 2.23 3.95 1 0 88 345 0.2500000000 0.518511176 0.565949859 0.542230518
255 3.5 3.45 2.5 2.45 1 4 127 250 0.2500000000 0.748305901 0.410108594 0.579207247
Infiltrometer Test 5
 
